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Welders’ distribution boxes 


for 


multi-operator 


welding 


installations 


A new and improved range at no extra cost 


The range of “ENGLISH ELECTRIC’ distribution boxes has been 
completely restyled. They are robustly built, pleasing in 
appearance and can easily be fitted at convenient working 
height on walls and other structures. 
These greatly improved distribution boxes are available in 
the following sizes :— 

450 amp 1, 2, 3 and 6 way 

700 amp | and 3 way 
All boxes comply with the requirements of BS.638/1954. 


Send for particulars in publication WA/116 to: 
The English Electric Company Limited, 


WELDING EQUIPMENT DIVISION 
Clayton-le-Moors, Accrington, Lancs. Tel: Accrington 33241 


ems eee eee ee ee ee ee ee oe + 
4 
WELDING PLUGS AND SOCKETS , 
A comprehensive range of “ENGLISH ELECTRIC’ welding plugs and sockets / 
is available and attractive discounts can be quoted 4 
for quantity orders. / 


ENGLISH ELECTRIC 


for better welding 





The English Electric Company Limited, English Electric House, Strand, London, W.C.2 
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G. A. HARVEY & CO. 
(LONDON) LTD. 
WOOLWICH ROAD, LONDON, S.E.7 
GREenwich 3232 (22 lines) 
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Gas from Oil: For the South Eastern Gas Board’s high pressure Oil 
Gasification installation, now being built by Woodall-Duckham Construction 
Co. Ltd., Harveys have made and delivered to the Isle of Grain two Absorber 
columns. Each column is 120 ft. long by 9 ft. 4 ins. overall diameter, and weighs 
approximately 100 tons. The columns are Class 1 welded throughout, for 
operation at 300 p.s.i., and are for the high pressure CO, removal plant. 


Harvey Facilities and Products: CLASS I WELDED PRESSURE VESSELS TO LLOYD’S AND 
A.S.M.E. CODES - HEAT TREATMENT AND RADIOGRAPHY - DIE-PRESSED AND ‘ROTAR- 
PREST’ HEADS UP TO I5 FT. DIA.—LARGER SIZES TO SPECIFICATION - FABRICATIONS 
UP TO I20 TONS IN ONE PIECE - STEEL PLATE AND SHEET METALWORK - HEAVY 
MACHINING AND FITTING - PERFORATED METALS - WOVEN WIRE HE/I3 


—_ 
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For radiographing assemblies, 


castings and welded seams 


: 


ESSEX 


ILFORD Industrial “B” X-ray film is a general purpose 

film suitable for the non-destructive examination of encased 
assemblies, as well as for light alloy castings, steel castings 

and seams in pressure vessels. 

Its characteristics are high speed with fine grain, providing 
excellent definition with high contrast. ILFORD Industrial ““B” 
film gives the best results when it is developed in ILFORD 
Phenisol high-energy concentrated liquid developer. It is suited 
to radiography with X-rays or gamma rays. 


| L r () R f) INDUSTRIAL “B” X-RAY FILM 


ILFORD 


LIMITED 


ILFORD 
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Welding 


Really up-to-date welders tend nowadays to prefer shielded-arc techniques for 
joining copper. They know that by using filler alloys specially developed by 
ICI for the purpose, sound welds can now be made in all grades of copper. 
Alloying elements are kept to a minimum so that the properties of the welds are 
similar to the parent metal. You must add sufficient filler to ensure that the 
deoxidising elements do their job properly. 


Choose your filler according to the job in hand and the welding method best suited to it— 


‘ARGOFIL’ for welding phosphorus deoxidised copper by tungsten-arc or metal-arc, 
argon shielded. 


‘NITROFIL’ 


for welding phosphorus deoxidised copper by tungsten-arc, nitrogen shielded 
‘BOROFIL’ 


for welding tough pitch copper where high electrical conductivity must be 
maintained—tungsten-arc or metal-arc, argon shielded. 


yi Rem i n der @ 4; the Commonwealth’s largest producer of wrought non-ferrous 


DIVISION 


IMPERIAL CHEMICAL 
CCTOBER, 1961 


metals, IC I Metals Division has built up exceptional knowledge of 

welding techniques. We specialise in wrought metals and alloys particularly 

suitable for welding and brazing—and in materials for carrying out the various welding 
techniques. We are always glad to help clients in selecting the most appropriate materials 


and processes. Please send now for our special booklet ‘I C I Welding Rods and Brazing 
Materials’. 


ICI Copper Welding Rods 





. Approx. 
Alloy Size range Process — Quick delivery 





1/16 in. to @ in. 
a oo = Ox wpe 1073-1078 We make a very large 
straight lengths (Boric aci . 
Down to 20 s.w.g. type flux) ant of welding and 
(0.036 in.) in coil brazing rods and orders 
for many standard lines 
straight lengths can be filled from stock. 
OWN to 20 s.w.g. 
(0.036 in.) in col Your nearest 1 CI SALES 
Also on spools for OFFICE will en-ure that 
1.G.S.M.A. welding . 
you get prompt delivery 
of any materials ordered. 





1/16 in. to } in. 
diameter in Argon arc and 
1.G.S.M.A. 





‘Nitrofil’ As above Nitrogen arc 











: e Argon arc 
Borofil As above and I.G.S.M.A. 














Know your alloys 


Om Ma coleiteaae 


‘Kufil’ — Red ‘Argofil 
*Nitrofil Red Bl ‘Borofil 


INDTSTRIES LIMITED, LONDON, 
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MICROTEX 


New Industrial X-Ray film gives the very highest 
quality radiographs and detects the finest flaws 
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Any Flaw 


‘Microtex’ is the film to detect any fault from fine porosity in 
castings and welds to cracks in thin aircraft skin or microshrinkage. 


Shorter Exposures 


‘Microtex’ responds well to increased development. Increase the jf 
processing time for ‘Microtex’ to ten minutes and you willdoublethe @. Miller 


emulsion speed. That means exposure times can be halved. il as the 

. . . é user is 
Multiple Film Technique acre 
‘Microtex’' combines excellently with ‘Crystallex’ for exposures using a ~ 
multiple film technique to provide top-quality radiographs of multi- et Me 


section castings in one exposure. r pudd 

olin t 
‘Microtex’ is destined to be the most outstanding of all Industrial gh frequ 
X-Ray films for the next few years. Send for further details and ask I this, pl 


. . at of mo 
for a demonstration on your premises. 


MIGROTEX X-RAY FILM 


Industrial Sales Division 
Kodak House, Kingsway, London, WC2 


‘Microtex’ is a trade-mark 
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> to 300 amps down to $ amp in ONE WELDER 
with the MILLER “AIRCRAFTER” 


e Miller ‘‘Aircrafter’’ is designed to argon arc weld the thinnest of materials as 
ll as the heavy work. 

e user is known to be satisfactorily welding stainless steel only -003 in. thick with 
“Aircrafter’’. 

e exceptional remote control features eliminate craters and permit a metallurgical 
ining action to occur at the end of a weld bead. The remote foot switch controls 
h of the four wide current ranges, and shuts off the welder when the minimum 
tput is reached. With this arrangement the operator may hold the torch over the 
Id puddle and by varying the current he can fill in the crater and control the 
oling rate of the weld deposit. 

gh frequency with gas and water controls can be supplied. 

I this, plus Miller reliability and Interlas service—yet the initial cost is lower than 
at of most other argon arc welders. 


ITS MILLER YOU KNOW ITS THE FINEST 








WELDERS 


Write for full specification and current prices to 
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Ste 
r/\ 


HANCOLINE 


OXYGEN CUTTING MACHINE 
NO TEMPLATES NEEDED! HANCOCK 


Just how simple, how labour-saving, how time-saving has oxygen 

profiling become? You can’t know the complete answer until you’ve & CS oO 
seen the electronic Hancoline in action. This special, streamlined : 
machine, the result of 40 years of Hancock leadership in oxygen (Engineers) 


cutting, traces from a pencil drawing—automatically. /t Never LTD 


Needs Templates! 
Think what a saving that means in production costs and in storage PROGRESS WAY, 


space! The Hancoline uses the same drawing for cuts of different CROYDON, SURREY 


thicknesses, and dimensional inaccuracies can be corrected instantly. Telephone: CROYDON 1908 
Cables: Hanco Crovdi.n 


Write for full details 


Fitted with Hancock roller drive—no physical contact The illustration shows the Hancoline 
between tracer and drawing. with Automatic Height Control Units 
Cut width compensation on tracer head. on the four burners; operated by remote 


i. 
The Hancoline is available with 38", 60”, 90” and 120” cutting widths, ‘iti 


HANCOCK—THE FIRST NAME IN OXYGEN CUTTING 
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Some Hugh Smith Gap Presses and a Flanging Press 
being completed in the works. 


HUGH SMITH (GLASGOW) LTD., Hamittonnit roan, cLascow N.2 


Makers of Plate Edge Planers, Plate Bending Rolls, Plate Straightening Rolls, Vertical Bending Presses, Flanging Presses, 
Gap Presses of many types, Horizontal General Purpose Presses, etc. etc. Catalogue on request. 
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Atomic Hydrogen Arc 


. Resistance \ 
welding 


4 A.C. Arc 
_ What is your need? 


'@a alelel-}-manelan 
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AE l 


welding equipment 


Inert Gas Arc 





Behind the range of AEI electric welding 
equipment is the research and experience of a vast 
engineering organisation making extensive use of this 
equipment in its own factories. 
You have the benefit of all this when you buy welding 
equipment from AEI. For further particulars write to your | 
local AEI office, or direct to— 


Associated Electrical Industries Ltd. 
Transformer Division Heating & Welding Dept. 
TRAFFORD PARK --- MANCHESTER 17 
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iSurge Injector Welding Units by SATURN 


} 


i" 
‘ 


At any of the Saturn branches, in Glasgow, 
Aldridge, Manchester, Sheffield, Lyming- 
ton, Sunderland, Thornaby-on-Tees, 
Southall—you can obtain Saturn Argon 
Arc Welding Equipment. Three well- 
known, well-proved models, operating on 
the surge injector principle, give infinitely 


variable welding ranges up to 600 amps. 
With Saturn units you get faster welding 
(asmuchas 25% increaseon other methods) 
even with semi-skilled operators. Com- 
pletely safe and completely self-contained, 
operation is virtually automatic with 
Saturn Argon Arc Welding Equipment. 


For welding equipment and gases and service — see Saturn! 
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SATURN INDUSTRIAL GASES LIMITED 
‘Eri Wood’, Windlesham, Surrey 

Telephone: Bagshot 2441 

Branches: SOUTHALL, GLASGOW, ALDRIDGE, MANCHESTER 
SHEFFIELD, LYMINGTON, SUNDERLAND, THORNABY-ON-TEES 


LISA TAINS] 


. 

















ONE MACHINE 


... for ALL manual arc welding applications 


At fast, here is a welder which gives complete 
versatility to maintenance-weiding departments 
of to job shop operations. The “IDEALARC” 
TIG, equipped with high-frequency and watergas 


ye AC iE age fae NTEN ee oS * 


THE LINCOLN ELECTRIC COMPANY - CLEVELAND - OHIO - USA 


the world’s largest makers of arc welding equipment 





WELD DRESSING- 


TRY CARBORUNDUMs DEPRESSED CENTRE WHEELS 


The latest CARBOFLEX * depressed centre 

wheel developed by CARBORUNDUM has 

improved qualities, designed to produce 

more work, faster - and with increased 

efficiency. 

These wheels have been provided with 

a higher safety factor, to ensure 

operator confidence, and at the same 

time are extremely free-cutting. 

This means faster stock removal and 

more work per wheel. 

And that's not all. An increase in wheel 
Sy life of up to 25% can be expected; 
Sp less time is wasted on wheel changes. 


%e =REGD. TRADE MARK 
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Other operations on which CARBO- 
FLEX wheels can be used with equal 
success are: Grooving seams prior 
to welding, cutting-off risers on 
ferrous and non-ferrous castings, 
smoothing jagged edges on flame 
cut plates, bevelling sheet metal etc. 


BONDED fama =THE CARBORUNDUM COMPANY LTD 
ABRASIVES dea §=TRAFFORD PARK, MANCHESTER 17 


DIVISION Telephone: TRAfford Park 2381 Telegrams) CARBORUND. TELEX. MANCHESTER 
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Low Temperalare 


EUTECTIC 


WELDING ALLOYS 





In 1904 J. P. H. Wasserman, a Swiss metallurgist, first observed the 
phenomenon of surface alloying during brazing operations. This 
pioneering discovery was the basis of the new metal joining process 
which he and his son, Rene D. Wasserman, developed and perfected. 

Today a range of over 200 unique alloys, fluxes and associated products 
based on this process are produced in plants in 15 countries and sold to 
aid industry throughout the world. 


EUTECTIC LEADS WORLD WELDING PROGRESS 


Leading in Research 


Castolin-Eutectic today has research centres in Switzerland and the 
United States of America engaged on applied and fundamental research 
on metal-joining alloys, techniques and processes. From these centres 
come a steady flow of new and improved products for all types of 
manual application. Castolin-Eutectic is the only group in the industry 
able to process raw materials through completely to finished products. 


Leading in Service 


More than 1000 factory-trained technical representatives give free advice 
on welding problems throughout the world. Eutectic has built up over 
50 years’ experience in the application of ‘‘low heat input’’ techniques 
in the field of repair, maintenance and production welding. This is 
backed by free training of welding personnel, lectures, demonstrations, 
etc. 


See for Yourself 


Ask the local technical representative in your area to show you in your 
own works and on your own equipment how you can save more in time, 
money and materials. Send for Eutectic’s free 72 page Technical Data 
Book NOW. 


EUTECTIC WELDING ALLOYS CO. LTD. 


NORTH FELTHAM TRADING ESTATE . FELTHAM . MIDDLESEX . Telephone: FEL 6371 
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Me? 
ve been 
using 


WR electrodes 


for 50 years— 
you can’t 
beat ‘em ! 


For welding mild steel and low alloy structural steels in all positions 
WRX25 





WRX25 is a solid extruded electrode for welding 

all classes of mild steel and low alloy structural B.S. 1719 Coding E.217 ASTM (Equivalent) E.6012 

steels using either alternating or direct current. Quality Positions Current Conditions 

Approvals 

Lloyds Det Norske Admiralty B.S. 639 F.1.H.V.O. D+A.45 

(MS) Veritas (MS, A, B, DW, S) 
(NV, W, X) MECHANICAL PROPERTIES (typical of all-weld deposits) 
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The chief characteristics are Yield Point | Max. Stress 


Tons per Tons per Elongation Reduction | Charpy Impact 

* Suitable for use in all positions sq. ins. sq. ins. 354D% of area % ft.Ibs. 

* Produces slightly convex fillets, with 28/31 33/35 | 29/34 55/65 | 70/90 
exceptionally neat beads 
Crisp easy striking arc 
Easy control Excellent low temperature Impact figures have been obtained on samples 
Specially recommended for welding in the prepared according to BS.639 and A.S.T.M. procedures. 
up-vertical position 
Self lifting slag B.S.639 —46°C | 40 ft./Ibs. | (Charpy ‘Vee’) 
Very low spatter Examples | 
Sane chant ueie A.S.T.M. —46°C | 24ft./ibs. | ( ,, ‘Keyhole’) 
Suitable for open joints 
Excellent mechanical properties 
































WELDING RODS LIMITED 


BRIGHTSIDE HOUSE - MEADOWHALL ROAD .- SHEFFIELD 9 - Tel. 42494 
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behind the latest 
CO, arc welding 
techniques... 


an 
exclusive 


oso 


service 


The Rockweld Comet II COs semi-automatic equip- 
ment operates at currents up to 600 amps and 
provides excellent contour welds of smooth finish. 
For the highest quality of welding deposits, D.C.L.’s 
Constant Composition CO, Syphon is recommended. 


Consistent moisture content The new design of cylinder and the 
particular care taken during filling ensure a consistent low 
moisture content carbon dioxide. 


Special CO, cylinder To prevent entry of any impurities, the 
syphon cylinders are supplied exclusively to arc welding 
customers, and are clearly marked and specially handled. 


Nation-wide service Through strategically sited factories and 
depots, DCL provides a prompt CO, service which includes 
cylinders, multi-cylinder racks and bulk storage tanks with CO. 
deliveries by road tanker. 


THE DISTILLERS COMPANY LIMITED - CHEMICAL DIVISION 
Carbon Dioxide Department, Devonshire House, Piccadilly, W.1. 
Telephone MAYfair 8867. 





Sales Offices: 
Southern Area: Broadway House, The Broadway, Wimbledon S.W.19 Tel: Liberty 4661 
Northern Area: Queens House, Queens St., Manchester, 2. Tel: Deansgate 8877 
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Welding Units exclusively using Lincoln Wire and ‘Flux. 

Ltd. by International Combustion Co. Ltd. Lincolnweld equipment has also been employed by Babcock 

ear Power Station, North Wales, are & Wilcox Ltd. for the welding of the two 61 ft. diameter, 34” 
2mbled with Lincolnweld Fully Automatic thick spheres which will house the Nuclear Reactors. 


uscmueaiacwoneuent aa LINCOLN ELECTRIC 
Welding Units for thick plate COMPANY LIMITED GK 


welding, please write to: Welwyn Garden City - Herts - Tel: Welwyn Garden 24581 
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las 


with 


A.C. Ys 


and 


D.C. from 
ONE UNIT 


Interlas offer Britain’s widest range of combined 
AC/DC welders. 

For the small shop and maintenance department 
there is the “‘Little Twin” and the “Big Twin’’, and 
for the heavy production work there is the MD 
series ranging up to 690 amps capacity. 

Compare the remarkable value for money offered by 
Miller. Add to that the well-known Miller reliability 
and Interlas service, and you have the finest AC/DC 
welding proposition obtainable. 

Write for specification leaflets stating the models in 
which you are interested. 


Current Range, amps 
Model Price 
AC Dc | _—sEx-Works 





Little Twin 20-150 
Big Twin 18-290 
MD 300 43-425 
MD 400 50-550 
MD 500 62-665 


Power factor correction inbuilt at extra cost 


Also available - combined AC/DC argon arc/metallic arc models. 
Details on request. 








\INTERLAS LTD.. AMPTHILL> BEDFORD: Tel: Ampthill 3340 


| REPRESENTATIVES IN EIRE: WELDING SERVICES LTD., 14-16 AMIENS STREET, DUBLIN. Tel. Dublin ae 
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Some Special Applications 
of Welding in Steam, Gas Turbine, and 
Nuclear Power Plants 


of the types mentioned in the title and it would 

be impossible to describe them all. For the pur- 
pose of this paper some applications have been 
selected, and the basis of this selection is either that 
the applications have some special metallurgical 
interest or that the author’s Company has been in- 
volved in them. 

During the years since the war industrial gas 
turbines have not made much headway in competition 
with steam turbines, but they are very useful! for 
certain purposes and over the world as a whole there 
is a steady if restricted market. Parsons have made 
about ten industrial gas turbines of about six different 
types for generating electricity, driving compressors, 
or propelling vehicles. Their construction involved the 
welding of a large number of different materials, 
mainly in the form of sheet, plate, and tubes. For this 
paper two applications of welding that appear to have 
some special interest have been selected for descrip- 
tion, i.e., the welding of austenitic steel rotors, and 
the butt welding of small tubes in dissimilar materials. 

There is little welding in steam turbines, but a lot of 
welding in the other equipment that goes to make up 
a steam turbine plant. But the welded rotors used 
extensively by Brown-Boveri, and the welded high- 
pressure steam chests and low-pressure exhausts used 
by Parsons are exceptions. In the auxiliary plant, 
welding is used in the construction of condenser and 
feed-heater shells and of the pipe work. It is also used 
extensively in the boilers and superheaters, but those 
are generally regarded as belonging to the boiler 
rather than the turbine plant. So far as the turbine 
plant is concerned the most important application of 
welding is in the interconnecting steam pipes, and a 
good deal of attention will be given to this and to the 
related application of producing austenitic-ferritic 


Ts are many applications of welding in plants 


By J. M. Robertson, D.SC., F.1.M. 


The paper describes six special applications of welding 
in steam, gas-turbine, and nuclear power plants. Ex- 
periences are quoted of: the welding of austenitic steel 
gas-turbine rotors; the butt welding of heat-exchanger 
tubes in dissimilar metals; the welding of steam pipes 
for advanced steam conditions; welding in relation to 
feed-water heaters; the construction of expansion 
bellows in alloy steels; and the attachment of fins to 
heat-exchanger tubes. 


transition pieces. In addition, tube welding in relation 
to feed heaters will be described. 

Nuclear power plants are the most outstanding in 
regard to the application of welding; from the view- 
point of a welding engineer the principal application 
of welding is in the construction of the reactor pressure 
vessels. As an example the vessels that will be erected 
at Dungeness will be spheres 62 ft 6 in. dia. constructed 
from steel plates 4 in. and 43 in. thick. 

A lot of welding is also involved in the construction 
of the ducting, valves, gas-circulators and heat ex- 
changers but until now mild steel has been used for all 
those parts, as well as for the reactor vessels, and from 
the viewpoint of this paper, attention will be confined 
to welding in relation to the construction of expansion 
bellows, and finned tubes for heat exchangers. The 
welding of the caps on fuel elements is another special 
application in nuclear power plants, but there is not 
space to discuss it. 
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1— Austenitic steel gas-turbine rotor produced by welding together 
two forgings 


Welded Austenitic Steel Rotors 


Between 1949 and 1951 Parsons constructed four 
welded austenitic steel gas-turbine rotors, each de- 
signed to develop about 20,000 h.p. Austenitic steel 
was used because it was considered that none of the 
ferritic steel would withstand the required stress- 
temperature conditions. Welding was necessary be- 
cause forgings of the size required could not be 
produced in one piece. Apart from this the construc- 
tion of the rotors by welding permitted an expensive 
austenitic steel of high strength to be used at the hot 
end, and a cheaper steel of lower strength to be used 
at the cold end. The use of welding also permitted the 
construction of each rotor from more than two 
forgings, but it was decided to make them from two 
only so as to avoid more welding than was necessary 
and to locate this weld as far away from the hot end of 
the rotor as possible, so as to diminish the chance of 


sigma formation in the weld metal (Fig. 1). The forg- 
ing at the hot end of each rotor (inlet gas temperature 
650°C.) was made in the complex austenitic steel F.V. 
326 (see Table I) and the one at the cold end (outlet 
gas temperature 380°C.) in the simpler austenitic steel 
F.C.B.(T). Each forging was, in effect, a thick disc . 
with a shaft attached, and this shape had the advan- 
tages that some upsetting of the disc could be carried 
out during forging and a slice could be taken from the 
face of the disc for tests. 

The total weight of the two forgings used in each 
rotor was about 8} tons. For reasons that will be 
explained later it was decided to weld the rotors at a 
preheat temperature of 600°C., and to do this a special 
electric furnace was constructed. The body of the 
rotor was enclosed in the furnace with the shafts 
protruding through the ends. The shafts were 
supported on bearings in which the rotor could be 
rotated. All the heating elements inside the furnace 
were on the bottom and sides. The top of the furnace 
was an insulating block on which the welder could sit 
and carry out the welding through a slot. One of the 
main difficulties involved in welding was to keep the 
heavy rotors, with most of the weight inside the 
furnace and the bearings outside, in accurate align- 
ment until enough weld metal had been put in to 
prevent sagging. This aspect of the matter does not 
require description here, and attention will be confined 
to (a) the development of the electrode, (4) the design 
of the joint, and (c) the procedure in welding. 

Before the welding of the actual rotors was under- 
taken a number of experiments were carried out with 
discs. It was on the basis of these experiments that the 
electrode to be used was selected, the joint design 
finalised, and the decision to preheat taken. 


Selection of electrode 


In about 1947 when the construction of these welded 
austenitic steel rotors was first considered, the type of 
austenitic steel most generally used or proposed for 
use at high temperature was the Nb-bearing type now 
known as 18/12/I (i.e., 18% Cr-12% Ni-1% Nb). A 
number of different electrodes for welding it were 
available, and as one of the forgings in each rotor 
would be in this type of steel (B in Table I) it was 
decided in the first instance to experiment with these 
electrodes. It was fairly well known at that time that 
it was very difficult to prevent hot cracking in fully 
austenitic weld metal, and that it was considered 
necessary to use rods that produced deposits contain- 
ing a certain amount of ferrite; the danger of hot 


Table I 


Composition of austenitic steel and weld metal 





Analysis, % 
Cr Ni 


A. 
F.V. 326 Steel , ° 16 18 
B. 
F.C.B.(T) Steel ° , 18 12 


[ 
Welds in rotor ° . 18 9 
D 


Type 316 Steel 4 15 17° 10 
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cracking diminished as the amount of ferrite increased. 
On the other hand, however, the ferrite in austenitic 
steel weld deposits may change to sigma at the operat- 
ing temperature and cause embrittlement of the weld. 
The problem was to obtain rods that would produce 
deposits with enough ferrite to avoid hot cracking but 
not enough to cause serious embrittlement of the weld 
metal if it changed to sigma at the operating tempera- 
ture of the rotors. 

In the first instance, experiments were carried out 
with three types of electrode produced for welding 
austenitic steel. Later, experiments were carried out 
with two electrodes that had been developed for 
welding tank armour and which produced austenitic 
deposits containing certain amounts of ferrite. As a 
result of many experiments it was decided that cne of 
the latter types was the most suitable rod for the 
purpose. It was then realised that there were consider- 
able differences between one batch of electrodes and 
another from the viewpoint of the amount of ferrite 
in the deposited metal. One batch might contain so 
little ferrite that the deposit was very susceptible to 
hot-cracking, another batch might contain so much 
that there was a possibility that the weld metal would 
become brittle in service. It was considered that the 
best compromise between the two difficulties was 
cbtained when the metal deposited by the electrode 
contained 4-7°% of ferrite. The electrode manufac- 
turers agreed to control the deposits made by the 
electrodes so that about this amount of ferrite would 
be present. 

The electrodes normally used in the 1940’s for 
welding 18/12/1 austenitic steel produced deposits of 
similar composition to that of the steel F.C.B.(T), but 
the electrodes selected for welding the rotors pro- 
duced quite different deposits, in that they contained 
molybdenum instead of niobium (see C in Table 1). In 
America steels of the niobium bearing type (B in 
Table 1) are known as Type 347 whereas those of the 
molybdenum bearing type (D in Table I) are known 
as Type 316. It will be convenient to use those terms 
in this paper. 

Following the use of the ferrite controlled electrode 
in welding the four austenitic steel rotors it was used 
for welding the pipes and other parts in Type 347 
austenitic steel that were installed in the first power 
stations in Britain where austenitic steel was employed. 
Later, electrodes of similar composition came into 
use in America in place of Type 347 rods for welding 
austenitic pipes etc., in power stations. 


Design of joint 

There were not many alternatives to be considered 
in deciding on the general design of the joint between 
the two forgings in the rotors. To assist in holding the 
two forgings in the correct relationship to each other 
until a certain amount of weld metal had been 
deposited, the use of a spigotted joint was essential. 
It was considered to be dangerous to use the spigot 
as a backing ring and inadvisable to weld without a 
backing ring. Those considerations led to the joint 
design shown in Fig. 2. 


Preheating 


There are differences of opinion as to whether any 
advantage is obtained by preheating austenitic steel 














Backing ring 
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2—Details of welded rotor shown in Fig. 1 


for welding. The welding of those gas turbine rotors 
would have been very much easier if it had been done 
cold but it was considered wise to preheat to a high 
temperature. In the preliminary experiments with 
discs, which involved making a weld 2} in. deep and 
varying in width from } in. at the bottom to { in. at 
the top between two rigid discs, it was found that as 
the welding stress built up it could become great 
enough to produce tears at the weld junction. Measure- 
ments of the decrease in the gap between the two sides 
of the weld, produced by successive runs of weld metal 
were used as an indication of the extent to which the 
stress in the weld built up as welding proceeded. Less 
contraction of the gap occurred when the welding was 
done at 600°C. than when it was done at atmospheric 
temperature. It was therefore decided to preheat the 
rotors. It has to be noted that it was absolutely essen- 
tial that there should be no serious trouble with the 
welds in those rotors either during construction, in 
overspeeding tests, or in service. Consequently it was 
desirable to adopt any procedure that appeared to 
produce some benefit rather than to consider how 
easily the job could be done. 


Procedure in welding 

The successful welding of the rotors depended 
mainly on the skill and experience of the man who did 
the welding and of the welding supervisor. This aspect 
of the job cannot, however, be put into words. Many 
of the operations that had to be carried out were 
concerned with maintaining the stability of the two 
forgings during the early stages of welding, and much 
of the time taken up in doing the work was expended 
in heating the rotors to 600°C. for welding and cooling 
them for inspection and gauging. 

Inspection of the welds was done by polishing and 
etching the surface and taking radiographs with an 
iridium source, which could be introduced along the 
bore of the shaft to a position under the welds. 
Gauging was carried out by measuring the width of 
the dummy blade groove above the weld at six points 
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round the circumference so as to ensure that the rotor 
was not moving out of alignment due to sagging in 
the furnace or to the pull of the weld. To accomplish 
the welding, ten single runs and seven twin runs were 
required, using mainly 4 s.w.g. electrodes. 

After welding had been completed the rotors were 
stress-relieved by heating them at 600°C. for 16 hr. 
Machining was then completed and the rotors sub- 
jected to an overspeeding test. Before and after this 
test radiographs were taken with a radon source. 

Owing to a variety of circumstances, none of these 
welded austenitic steel rotors has had a great deal of 
running in service. The one with the longest service 
has run for 2,000 hr, during which period it has been 
started up and shut down forty times. Owing to the 
high coefficient of expansion and the low thermal 
conductivity of austenitic steel this frequent starting 
up and shutting down has produced conditions that 
are known to have imposed severe stresses on the 
weld. Opportunities have arisen during the life of this 
rotor and of one of the other three to radiograph the 
welds with a radon source and to examine the polished 
surface. No signs of cracking have been found. 

At the time the rotors were welded there was no 
doubt in anyone’s mind about the weldability of the 
Nb-bearing steels of which the forgings were made. 
Experience since then with pipes in America and 
Britain has shown that when thick sections of Type 
347 steel are welded there is great danger of cracking 
occurring in the parent metal adjacent to the welds. 


Butt Welded Tubes in Dissimilar Metals 


Most industrial gas turbines are of the open cycle 
type, in which the products of combustion pass 
through the turbine and then to the heat exchanger in 
which the hot exhaust gas heats the air going from 
the compressor to the combustion chamber. In such 
heat exchangers the tubes operate at a comparatively 
low temperature, and may be made in 1% Cr-0-:5% 
Mo steel or even in mild steel. One of the gas turbines 
built by Parsons was designed, however, to run on 
pulverised coal, and because of the ash carried by the 
products of combustion they could not be allowed to 
pass through the turbine. A closed cycle type of plant 
was designed in which the products of combustion 
passed through the tubes in a heat exchanger, where 
the air that drove the turbine was heated. In such a 
heat exchanger, taking gas straight from the combus- 
tion chamber, very high temperatures may be reached 
at the inlet end of the tubes. In this particular design 
the tubes were expected to reach 750°-800°C. at the 
hot end. The operating temperature dropped along 
the tubes, and at the outlet end of the 12 ft long tubes 
the temperature was 250°C. 

There are few materials that will withstand stress 
in the range 750°-800°C., and it was considered 
necessary to use Nimonic 90 for the tubes at the inlet 
end of this heat exchanger. Tubes in Nimonic 90 are 
expensive and the use of such a material at the tem- 
perature reached at the outlet end of this heat ex- 
changer would have seemed absurd. Consequently it 
was considered necessary to produce the 12 ft lengths 
required by butt welding other materials to the nickel 
alloy. Some attention was given to the possibility of 
making up the 12 ft lengths with three different 
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materials, but it was eventually decided to use lengths 
of Nimonic 90 tube that would permit the butt weld 
to be made at a point in the length of the tube where 
the temperature was low enough for Mo-V steel tubes 
to be used. 

For this heat exchanger 5270 tubes were required, 
and it was decided that the weld should be at 560°C., 
which required that the Nimonic 90 tube should be 
4 ft long and the Mo-V steel tube 8 ft long. The ques- 
tion of welding the tubes was taken up in the first 
place with the Department of Development and 
Research of Tube Investments Limited who proposed 
that the welding should be done by an automatic 
argonarc process without a filler and using a tightly 
fitting copper plug to ensure that the inner surface of 
the weld was flush with the inside of the tubes. This 
Department carried out a number of experimental 
welds to establish the general technique of welding. 
The matter was then passed on to the Talbot Stead 
Tube Co., Ltd., who developed production equipment 
and techniques for welding the tubes. 

The tubes concerned were 0-56 in. nominal bore and 
0-064 in. nominal wall thickness. Welding was done 
by rotating the tubes under a stationary argonarc 
head. The successful welding together of the two 
metals required a carefully controlled operation but 
this was only one of the features of the process. It was 
also important that the weld should not stand proud 
of the tube surface either on the inside or the outside. 
At the same time it was important that the weld should 
not be weakened by being thinner than the tubes. Both 
types of tube had to be made to very close tolerances 
so that (a) the ends butted together for welding would 
match, (b) the tightly fitting copper plug could be 
inserted and withdrawn, and (c) the composite tubes 
could be passed through the closely toleranced holes 
in the tube plates and three baffle plates. 

Tensile, expanding, flattening, and hydraulic tests 
were carried out on both types of tubes before welding. 
After welding the welds were carefully examined with 
a binocular microscope and subjected to an air pres- 
sure test of 100 lb/sq.in. under water. One sample weld 
for tensile test was made for each hundred welds. 

A good deal of difficulty arose in the running of the 
gas turbine in which those composite tubes were used 
but there was no trouble with this weld. 


Butt Welded Steam Pipes 


The gas turbine applications of welding that have 
been discussed so far were special jobs in which only 
a few firms were interested or involved. The steam 
turbine applications now to be described are matters 
of general interest. This applies particularly to butt 
welded steam pipes, which for many years have been 
of great interest to a large number of people in several 
countries. Many papers and articles have been pub- 
lished on different aspects of the subject, and it cannot 
be pretended that in the space devoted to the matter 
in this paper all that has been done and said and 
thought is adequately surveyed. It is hoped, however, 
that the general features are discussed without too 
many inaccuracies. 

When Parsons became involved in the bending, 
welding and installation of steam pipes (i.e., in 1949) 
the steel in general use for steam conditions of 900 
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Ib/sq.in. and 482°C. was 1% Cr-0-5% Mo alloy. The 
welding of those pipes was, however, generally done 
with 0-5% Mo rods. In 1948 the first steam turbine 
plant for steam conditions of 1,500 1b/sq.in. and 565°C. 
came into service in America, and at that time arrange- 
ments had been made for several similar plants. It was 
obvious that plant for steam conditions like those 
would soon be required in Britain, and about this time 
serious attention began to be given to the steel that 
would be required for the pipes. The first plants for 
steam conditions of 1,500 Ib/sq.in. and 565°C. were 
ordered in Britain in 1949, and since then steam 
conditions have continued to advance. In America a 
plant for steam conditions of 5,000 1b/sq.in. and 648°C. 
came into operation in 1959, and in Britain two plants 
for steam at 3,500 Ib/sq.in. and 600°C. were ordered 
in 1960. 

When the step from steam conditions of 900 Ib/sq.in. 
—482°C. to 1,500 Ib/sq.in.—565°C. was considered 
it was apparent that pipes in 1% Cr—-0-5% Mo steel 
would not be suitable. Attention was therefore given 
to ferritic and austenitic steels with greater high- 
temperature strength. At the same time attention 
began to be given to the high-temperature strength of 
the welds in these steels. In the following sections the 
subject of steam pipes for advanced steam conditions 
is discussed under: 

(a) The high temperature strength of butt welds in pipes 


(5) Butt welded ferritic steel pipes 
(c) Butt welded austenitic steel pipes. 


High-temperature strength 

When steel is used at normal temperature, or near 
it, the factor of greatest importance in relation to the 
applied stress is the magnitude of the stress. Under 
certain conditions the number of times a stress is 
applied and the rate at which it is applied are import- 
ant, but the time for which the stress is applied does 
not matter. When steel is used at high temperature 
however, the time for which a stress is applied is just 
as important as the magnitude of the stress, and the 
effect on the metal of a particular combination of 
stress and time varies rapidly with changes in tem- 
perature. In so far as steel is concerned high tempera- 
tures may be said to begin about 350°-400°C. When it 
is intended to use steel at temperatures above this, it 
is of very little help to know the tensile strength of the 
steel either at room temperature or at any other 
temperature. It is actually necessary to know the 
effect of all sorts of combinations of stress, tempera- 
ture, and time. This information is obtained by 
carrying out creep and stress-rupture tests under 
various stresses at various temperatures and for differ- 
ent lengths of time. A number of tests of 120,000 hr 
duration have been carried out, but in general the 
longest tests are of 20-40,000 hr duration. Hundreds 
of man-years and tens of millions of testing-machine- 
hours have been expended in determining the high- 
temperature mechanical properties of the steels now 
being used or proposed for use in steam pipes. 

In connection with pipes, creep is not of much 
importance. The important factor is the stress to 
produce rupture after different times at different 
temperatures. For a particular steel at a particular 
temperature this is determined by applying a series of 
stresses to a series of specimens and measuring the 


time taken for them to break. The stress required to 
break this particular material in, say, 100,000 hr at 
this particular temperature is determined by extra- 
polation from the results of tests carried out for 
shorter times under higher stresses. To illustrate the 
difference in properties between the various steels 
mentioned in connection with pipes a comparison is 
made in Table II on the basis of the temperature at 
which 5 tons produces rupture in 100,000 hr. 

When the pipework for the 1,500 Ib/sq.in.—565°C. 
plants came under discussion people began to realise 
that it was not enough to know the stress-rupture 
properties of the steel; it was also important to know 
the properties of the welds. 

When mild steel is involved, it is substantially true 
to say that (a) it is easy to deposit weld metal that is 
as strong as the parent metal; (5) no heat-affected 
zone, in which the properties of the parent metal are 
very different from normal, is produced; and (c) there 
is no pronounced weakness at the weld junction. The 
situation is different when alloy ferritic steels or aus- 
tenitic steels have to be welded. It may be impossible 
to deposit weld metal that is as strong as the parent 
metal. Heat-affected zones in the parent metal are 
almost certain to de produced in welding and it may 
or may not be possible to improve them by subsequent 
heat treatment of the assemblies. Finally, when dis- 
similar metals are involved, as when austenitic steel or 
Inconel rods are used to weld ferritic steel or to make 
an austenitic-ferritic joint, weld junction weakness 
may develop. In connection with the welding of pipes 
for advanced steam conditions it has been considered 
necessary to study those questions. 

The method of studying the strength of welds that 
was most ready to hand was to carry out stress-rup- 
ture tests on tensile specimens taken across welds. 
During the last eight or more years Parsons, Stewarts 
and Lloyds, The Brown Firth Research Laboratories 
and The United Steel Companies have done many 
tests of this kind. The direction of the greatest stress 
in the weld in a pipe carrying high-pressure steam is, 
however, at right angles to the direction of the stress 
in a stress-rupture test on a specimen taken across 
weld. It has been evident ever since interest in the 
high-temperature strength of pipe welds arose about 
10-12 years ago that tensile stress-rupture tests on 
specimens taken across weids tended to exaggerate 
the importance of weakness in the weld metal, heat- 
affected zone, or weld junction, and that stress- 
rupture tests on welded tubes should be carried out 
by applying internal pressure to lengths of butt 


Table I 
Temperatures for rupture in 100,000 hr at 5 tons/sq.in. 





Material Temperature, °F. 


Mild steel 850 
0-5% Mo steel 960 
1% Cr-5% Mo steel 980 
23% Cr-1% Mo steel 1060 
0-5% Cr-0:5% Mo-0°:3% V 1060 
6% Cr steel (Rex 500) 1120 
12% Cr-0-6% Mo-0:2% V 1070 
18% Cr-12% Ni-1 % Nb steel 1150 
Type 316 steel 1200 
Esshete 1250. Rex 548 1250 
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welded tube. Nobody had equipment for doing such 
tests, and it was a long time before anybody installed 
any. There were several reasons for this but it can now 
be said that Parsons are doing tests of this kind and, 
so it is believed, are several other firms. The results 
obtained confirm the tendency to exaggeration men- 
tioned. 


Ferritic steel pipes 

In the first plants for steam at 565°C. constructed 
in America, 18/12/1 austenitic steel (Type 347) and 
2}% Cr-1% Mo ferritic steel were used for the pipes. 
Those steels were also selected for the pipes in the 
first 565°C. plants constructed in Britain. Some time 
later General Electric in America introduced pipes in 
1% Cr-1% Mo-0-25% V steel, and following this 
Parsons fabricated and installed pipes in 0-5% Cr- 
0-5°% Mo-0-25% V steel in Britain. It was soon found 
to be unnecessary and inadvisable to use austenitic 
steel pipes at 565°C., and the use of those has since 
been restricted to 600°C. and above. The use of both 
Cr-Mo-V and 2}% Cr-1% Mo steel for pipe at 
565°C. has continued in America but in Britain the 
use of 2}°% Cr-1% Mo steel has tended to die out 
and all pipes for 538° and 565°C. service are now being 
made in Cr-Mo-V steel. Parsons hope in the not too 
distant future to introduce pipes in 6% Cr-Mo-V—W 
steel (Rex 500), and pipes in 12° Cr—-Mo-V steel are 
probably in use in Germany. 

All or nearly all the pipes for the many 900 Ib/sq.in.— 
482°C. plants that were erected in Britain were in 
1° Cr-0-5°% Mo steel, and much of this pipework 
was welded with 0-5°% Mo steel rods. The remainder 
was welded with | °% Cr-0-5% Mo rods. Some of the 
pipework in 2}°% Cr-1% Mo steel has also been 
welded with 1% Cr-0-5% Mo rods with 2}% Cr- 
1°, Mo rods being used for the remainder. The 0-5 % 
Cr-0-5°%% Mo-0-25°%, V pipes were in the first instance 
welded with 0-5°% Mo-0-25% V rods, but they are 
now being welded with 2}°% Cr-1% Mo rods. The 
0-5°, Cr-0-5% Mo-0-25% V rods have been deve- 
loped and they may already be in use. 

It was known before 1949 that when stress-rupture 
tests were carried out on specimens taken across welds 
made with the steels and electrodes mentioned, the 
welds tended to be weaker than the parent metal. 
When Parsons became concerned with pipes, in 1949, 
a considerable amount of pipework in 1% Cr-0-:5% 
Mo steel was already giving satisfactory service and a 
lot more of it has given good service since. The first 
programme of stress-rupture tests carried out by 
Parsons was done on welds in 1 °% Cr-0-5% Mo steel 
welded with 0-5°, Mo rods. It was found that the 
strength of the welded test pieces was about 70% of 
that of the parent metal, and it was decided that welds 
made in other steels with other rods could be accepted 
as satisfactory if the ratio of weld-strength parent- 
metal-strength (on which design is based) did not fall 
substantially below this. 

Parsons have also carried out programmes of 
stress-rupture tests on 0-5°% Cr-0-5% Mo-0-25% V 
steel welded with 0-5°% Mo-0:25% Mo and 2}% 
Cr-1°,, Mo rods; Stewarts and Lloyds have carried 
out a programme on welds in 2}°% Cr-1% Mo steel 
welded with matching rods; and Babcock and Wilcox 
have carried out a programme on 0-5 % Cr-0-5% Mo- 
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0-25% V steel welded with matching rods. The firms 
mentioned have carried out more tests of this type 
than are referred to here and others have also done 
work of this kind. All that can be said about these 
tests on welds in ferritic steels of the types that have 
come into use in higher temperature steam plant 
during the last eight years is that (a) failure takes place 
in the weld metal or heat-affected zone under stress/ 
temperature/time conditions below those required to 
produce failure in the normal parent metal, and 
(5) with the recently introduced steels and welding 
electrodes the ratio weld-strength/parent-metal- 
strength is not appreciably lower than in the 1% 
Cr-0:5°% Mo steel which has given such satisfactory 
service in so many stations for so long. In any case 
there is much less difference in tube bursting tests 
between welded and un-welded tubes than tensile 
stress-rupture tests would suggest. 

Parsons have carried out many tests on welds in 
6% Cr-Mo-V-W steel made with Inconel electrodes. 
In this case the weld metal is stronger than the parent 
metal and the weakest point in the weld is the weld 
junction rather than the heat-affected zone. This is a 
condition likely to arise when dissimilar metals are 
involved. It is caused by diffusion of constituents from 
one of the metals to the other. Nonetheless the strength 
of the welds is substantially greater than that of any 
other weld in ferritic steel. 


Austenitic steel pipes 

Austenitic steel interconnecting pipes (from steam 
chest to h.p. turbine) were first used in the plant at 
Sewaren in America, which came into operation in 
1948. Since then austenitic steel has been used for 
such pipes in all plants built or building in America 
for steam temperatures of 565°C. or above. Ferritic 
steel has, however, been used for the main steam 
piping (from boilers to steam chest) in all plants for 
565°C. operation, and austenitic steel has been used 
only for 600°C. and above. 

In Britain, austenitic steel has been used for the 
main steam piping and the interconnecting steam 
piping in three 565°C. stations (i.e., Stourport (1954), 
Drakelow (1955), and Willington (1958)). It will also 
be used in the 600°C. station that is to be constructed 
at Drakelow. 

The first pipes used in America were in 18/12/1 
(Type 347) steel and the use of this type continued for 
years. The austenitic pipes used in Britain have also 
been in this type of steel. The Type 347 pipes used in 
America were, for a number of years, welded with 
Type 347 rods. The welding of the austenitic steel 
piping used in power plant built in Britain has been 
done with molybdenum-bearing rods whichare in effect 
Type 316 rods. More recently Type 316 rods were 
introduced in America for welding Type 347 steel. 

The use of 18/12/1 austenitic steel in power plant 
cannot be said to have been completely unsuccessful, 
but there has been a lot of trouble both in this country 
and America with cracking in the parent metal 
adjacent to welds. As a result, it was decided in 
America some years ago to change to Type 316 steel, 
and the first stations in which pipes in this steel are 
used came into service in 1959. The austenitic steels 


used in Britain in the future will also be Type 316 or 
some modification of it. 
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From a metallurgical standpoint the interesting 
feature about the experiences with welded Type 347 
pipes was the discovery that dangerous heat-affected 
zones can be produced in certain types of austenitic 
steels by welding. Before this experience it was gene- 
rally thought that heat-affected zones were a character- 
istic peculiar to ferritic alloy steels. A very large 
amount of work has been done in investigating the 
cause of the cracking in Type 347 steel. It may be said 
briefly that the heat-affected zone, where cracking is 
liable to occur in welded Type 347 steel, is produced 
by the solution of niobium carbide during welding 
and the strain-assisted precipitation of carbides during 
cooling from welding, during stress relieving after 
welding, or during service. 

A number of austenitic steels that can be used under 
higher stresses or at higher temperatures than Type 
316 have been developed. The two most favoured for 
future piping in Britain can be regarded as modifica- 
tions either of Type 316 or Type 347 as follows: 

C Mn, Cr, Ni, Mo, V, Nb, B, 


Esshete 1250 0-10 6-25 16-0 9:5 1-1 0-25 1-0 0-007 
Rex 548 0-10 1:25 16-2 11-8 1:3 — 1-1 0-007 

The United Steel Companies and The Brown-Firth 
Research Laboratories have given a great deal of 
attention to the strength of welds in austenitic steel 
pipes as determined by tensile stress-rupture tests on 
specimens taken across welds. In the first tests done 
in The Brown-Firth Research Laboratories on welds 
in Type 347 steel made with molybdenum-bearing elec- 
trodes, failure occurred near the weld junction under 
lower stress/temperature/time conditions than those 
required to rupture the parent metal. It is now realised 
that this would be due to the same phenomenon as the 
heat-affected-zone cracking in this steel. In later tests 
on welds in Type 316 steel made with the same type of 
electrode higher strengths were obtained and failure 
occurred in the weld metal. There does not appear to be 
any doubt that welds made with molybdenum-bearing 
rods are strong enough for Type 316 piping; but it is 
questionable if they are strong enough for use with 
the stronger steels Esshete 1250 and Rex 548. Both 
The United Steel Companies and The Brown-Firth 
Research Laboratories have carried out experiments 
in welding with electrodes based on the F.V. 326 
composition given at the top of Table I. Stress-rupture 
tests have been carried out on the welds. In addition, 
The United Steel Companies have experimented on 
welding Esshete 1250 with two other electrodes and 
have done stress-rupture tests on the welds. The 
electrodes were an experimental rod based on the 
composition of Esshete 1250, and a rod giving a 
deposit containing 16% Cr-13% Ni-6% Co. The 
deposit from the former rod contains a controlled 
amount of ferrite; that from the latter rod is fully 
austenitic. Welds made with all three electrodes are 
stronger than those made with the ferrite controlled 
electrode used for welding the gas-turbine rotors. 

Certain high-nickel alloys, based on the 37% Ni- 
18% Cr composition, have greater high-temperature 
strengths than the austenitic steels and may later be 
used for pipes. The manufacturers are giving a con- 
siderable amount of attention to determining the 
properties of these alloys, studying welding and testing 
welds. 


Austenitic—Ferritic Transition Joints 


The austenitic steels are suitable for use under more 
severe stress/temperature conditions than the ferritic 
steels. As steam conditions advance, austenitic steel 
becomes necessary in the first place for the high- 
pressure interconnecting pipes, i.e., the pipes con- 
necting the steam chest to the high-pressure turbine. 
Further advances in steam conditions lead to the need 
to use austenitic steel for all high-temperature parts, 
i.e., main steam pipes, steam chests, valves, high-pres- 
sure interconnecting steam pipes, and high-pressure 
turbine rotor and cylinder. This situation has been 
reached in the 5,000 Ib/sq.in.—648°C. plant at Eddy- 
stone. 

Whenever austenitic steel and ferritic steel are used 
in the same plant a certain number of austenitic— 
ferritic joints are required. These are regarded as 
particularly difficult joints because the two materials 
are very different and the coefficient of expansion of 
austenitic steel is about one and a half times that of 
ferritic steel. 

In the construction of plant in which austenitic steel 
is joined to ferritic steel extensive use has been made, 
both in America and Britain, of a transition piece 
made by casting the austenitic steel on to the ferritic 
steel. A type of joint devised in Britain, and produced 
by extrusion, has not been so satisfactory, but modi- 
fications in the mode of manufacture may alter the 
situation. In some of the most recent plants in America 
mechanical joints have been used, but from the stand- 
point of this paper, the important thing is that satis- 
factory results have been obtained both in America 
and Britain with more or less ordinary butt welded 
joints between the two types of steel. 

When the use of joints between austenitic and ferri- 
tic steels were first considered it was thought that the 
greatest difficulty would arise from the differences in 
the temperature coefficients of expansion of the two 
materials. Because of this, high stresses are likely to 
be developed when such a joint is heated and cooled. 
Actually little trouble has arisen from this cause but 
it is still thought advisable in some plants, but not in 
all, to keep transition joints hot when plants are shut 
down so as to prevent cyclic stressing. It is now 
realised that the greatest difficulty in butt welded 
joints of the type under discussion is diffusion of 
carbon from the ferritic steel to the weld metal. This 
trouble can be mitigated by raising the chromium 
content of the ferritic steel and/or by using Inconel 
instead of austenitic steel for the weld metal. The butt 
welded transition joints used in this country until now 
have been made by the sigma process using wire that 
gives a deposit of a similar composition to that pro- 
duced by Type 316 rods. For experimental pur- 
poses Parsons have made joints with Inconel rods 
because this type of weld metal is more resistant than 
austenitic steel to diffusion of carbon from the ferritic 
steel. As the transition pieces can be heat treated after 
welding in any desirable way, the heat-affected zone 
in the parent metal can be eliminated, but the ferritic 
steel is still the weakest part of the weld. Nothing is 
therefore to be gained by seeking stronger weld metal. 
In America butt welded transition pieces are now 
being used extensively. Some are welded with Type 
316 austenitic steel rods and others with Inconel. 


NIA 








470 
Feed-Water Heaters with Welded Steel Tubes 


Since feed-water heaters were first used in turbine 
plant it has been customary to use first copper and 
later cupro-nickel tubes and to expand them into the 
tube plate. The temperatures and pressures at which 
many of those parts operate now require them to be 
made of steel tubes welded into the tube plate. 

Before Parsons started to develop feed-water heaters 
with welded steel tubes (1957) they had a good deal of 
experience of welding tubes into tube plates in gas- 
turbine heat exchangers, in which tubes in mild steel, 
Cr—Mo steel, Cr-Mo-—V steel, and Nimonic 90 were 
welded into steel and Nimonic tube plates using 
coated electrodes or argonarc welding and various 
preparations at the joint between the tube and the 
tube plate. For the feed heaters with welded steel 
tubes it was decided to use argonarc welding. The 
machining of the tube plate involves cutting a recess 
round each hole so as to leave a rim } in. high and the 
same thickness as the wall of the tube round each hole. 
In welding, this rim is first argonarc welded to the end 
of this tube, then a layer of weld metal is put on top 
of this using covered electrodes. 

In feed heaters of this type the Si-killed mild steel 
tubes are ? in. external diameter and 0-08 in. wall 
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3—Central tube and headers for coil-type feed heater 
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thickness. The length of the U tubes is about 30 ft and 
the number per heater is about 800 (i.e., 1600 ends to 
be welded). Parsons already have six heaters of this 
type in service and seven more are to be built before 
a different method of welding is used. 

In feed-water heaters close pitching of the tubes is 
very important. Using the present method of welding, 
the hole in the plate must be the size of the outside 
diameter of the tube, and there must be a rim for 
welding round each hole and a recess round that. 
With an automatic argonarc head recently developed 
by Foster-Wheeler, welding is done from inside the 
tube, and the ends of the tubes are butt welded to a 
stub on the inside of the tube plate. An important 
feature of this method of welding is that the holes in 
the tube plate are now the size of the inner diameter of 
the tubes. Parsons have been experimenting with 
welding with this equipment for some time and hope 
to use it in the production of 28 feed heaters in the 
near future. 

This automatic method of welding will be very 
useful in the construction of a completely new type of 
feed heater that Parsons have developed. In this, tube 
coils are used instead of U tubes, and the ends of the 
coils are welded to stubs on headers. The central tube 
and header are shown in Fig. 3 and an assembled 
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4—-Coil-type feed heater with tube coils welded into position 
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heater in Fig. 4. One heater of this type is already in 
service, and the construction and installation of further 
units is proposed. One of the principal difficulties 
involved in the construction of heaters of this kind by 
welding from the outside of the tubes is accessibility. 
This difficulty is eliminated by welding from inside the 
tubes with the Foster Wheeler equipment. 

Each of the tube coils used in feed heaters of this 
type contains about 140 ft of 1 in. o.d. tube. Lengths 
such as this cannot be drawn in one piece, and even if 
they could it would be virtually impossible to coil 
them. The complete coils are therefore made by 
welding together five simpler coils. This means that 
there are five welds in the length of the coil, and it is 
very important that they should not protrude more 
than a very small amount into the bore of the tube, 
because restriction of the flow in the tube could 
interfere seriously with the efficiency of the feed 
heater. The root run in welding is done with the 
argonarc and the weld is completed by gas or metalarc 
welding. 


Welding of Expansion Bellows 


To obtain flexibility in the ducting many expansion 
bellows are required in nuclear power plants of the 
graphite-moderated carbon-dioxide cooled type that 
have been built and are being built in Britain. 

For the plants at Calder and Chapelcross, Parsons 
made 336 bellows (mainly 54 in. dia.) in } in. mild 
steel. For Bradwell they made 132 bellows (mainly 
60 in. dia.) in } in. Mo—V steel. For Latina they have 
made 66 bellows (mainly 66 in. dia.) in in. Mo—-V 
steel, and for Dungeness 88 bellows (mainly 78 in. 
dia.) have to be made in 3 in. Fortiweld H.S. steel. 
A photograph of a bellows incorporated in the ducting 
at Bradwell is shown in Fig. 5; the essential part is the 
convolutions, which are about 44 in. high and about 
14 in. wide. They are produced in the following way. 
Strips of the steel plate are softened and then pressed 
to form a straight convolution equal in length to half 
the circumference of the bellows. The straight convo- 
lutions are then rolled into semi-circles, which are 
manually welded together to form circles. The re- 
quired number of circles is then welded together by 
the submerged-are process to form the bellows. 


5—Expansion bellows 60 in. dia. installed in ducting at Bradwell 


The mild steel bellows were not given any heat 
treatment except stress-relieving after welding. The 
bellows in Mo-—V steel and Fortiweld H.S. are normal- 
ised and tempered after the convolutions are welded 
to each other and the convoluted portion is welded to 
the skirts. It was found essential to heat treat the 
bellows after welding in the same way as the steel, 
so as to avoid weak heat-affected zones in the parent 
metal. This heat treatment is carried out in an electric, 
bell-type, controlled atmosphere furnace. 

In welding the convolutions together by the sub- 
merged-arc process it is necessary to produce welds of 
similar composition and with similar properties to 
those of the parent metal. The result required might 
have been obtained by welding with mild steel wire 
and varying the composition of the flux, but it was 
concluded at the beginning that it would be easier to 
achieve what was wanted by welding with alloy steel 
wire. Standard flux is therefore used. 

The composition of the steel used for the Bradwell 
and Latina bellows is shown at A in Table III, and 
that for the steel for the Dungeness bellows is shown 
at B. As a result of a number of experiments with alloy 
steel wires it was found that: 


(a) In all cases manganese is picked up from the flux 
(5) If there is any vanadium in the wire most of it is taken 
up by the slag 
(c) If there is chromium in the wire about one third of it is 
taken up by the slag 
(d) Most of the molybdenum in the wire goes into the weld. 


Thus the compositions of weld metal pads made 
with wires of various composition differ from the 
compositions of the wires as shown at C to H in 
Table III. 

When } in. or ; in. plates are welded by the sub- 
merged-arc process there is a considerable amount of 
mixing of the parent metal and the weld metal. Taking 
all factors into account it was decided to weld the 
Mo-V steel plates (A in Table III) with 1% Cr-0-5% 
Mo wire, and the composition of the resulting weld is 
shown at J in Table III. It was decided to weld the 
Fortiweld H.S. plates with 2}°% Cr-1% Mo wire and 
the composition of the resulting weld is shown at J 
in Table III. In both cases the composition of the 
welds is very close to that of the parent plates. 

The tensile properties of the welds (normalised and 
tempered after welding) are compared with those of 
the normalised and tempered plates at 20° and 400°C. 
in Table IV. High-temperature fatigue tests were 
carried out at 400°C. on the Mo-V steel plates and 
the welds made in them. Those tests were done at the 


Table III 


Compositions of steels and weld metals relating to bellows 





Analysis, % 
Mn Cr Mo 
0-6 
1-8 
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Mo-V Steel 
Fortiweld H.S. 
Mo-V Wire 
Mo-V Pad 

1% Cr—Mo Wire 
1% Cr—Mo Pad 
2}°% Cr—-Mo Wire 
. 2}% Cr—-Mo Pad 
Bradwell Weld 
Dungeness Weld 
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Table IV 
Properties of plates and welds in bellows 





20°C. 400°C. 





Y.P. U.T.S. Elong., Y.P. U.T.S. Elong., 
tons/sq.in. y 4 tons/sq.in. » 4 


Mo-V steel 32 39 26 25 34 24 
Weld in 

Mo-V steel 32 37 — 23 33 25 
Fortiweld 

H.S. steel 51 58 23 46 54 21 
Weld in 

Fortiweld H.S. 44 52 23 42 52 20 





National Engineering Laboratory in Haigh direct- 
stress machines. A mean tensile stress of 17 tons/sq.in. 
was applied. For an endurance of 100 million cycles 
the range of stress was +14-75 tons/sq.in. for the 
parent plate and +-14-25 tons/sq.in. for the welded 
specimens. 


Welding Fins to Heat Exchanger Tubes 


Large quantities of tube are required for the heat 
exchangers in nuclear power plants, where the hot 
carbon dioxide coming from the reactors produces 
the steam for the turbines. The tubes concerned are 
about |} in. bore and } in. wall thickness. Two hun- 
dred miles of heat exchanger tube is being used at 
Bradwell and 250 miles will be required at Dungeness. 

Extended surfaces are required on the outside (i.e., 
carbon-dioxide side) of the tubes. The heat exchangers 
for the nuclear power plants at Calder and Chapelcross 
were supplied by Babcock and Wilcox. The extended 
surface on the tubes was produced by attaching short 
lengths of bar to the outside of the tubes by a stud 
welding process. This method has also been used in 
making the heat exchanger tubes for Hinkley Point. 

The companies responsible for the nuclear power 
plants at Bradwell (The Nuclear Power Plant Co. Ltd.,) 
and Berkeley (The A.E.I.-John Thompson Nuclear 
Energy Co. Ltd.,) were anxious to obtain more effi- 
cient extended surfaces than those obtainable by 
attaching short lengths of bar by stud welding. 
Imperial Chemical Industries who for years had been 
producing tubes with integral circumferential fins in a 
number of non-ferrous metals, were able to extend 
this ‘Intregon’ rolling process to mild steel, and tubes 
of this type are being used in the plants at Berkeley 
and Bradwell. 


Weld zone 
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6— Method of welding fins to heat-exchanger tubes 


Owing to the large amount of finned tubes required 
in a nuclear power plant, and the expectation during 
1955-7 that many of those plants were to be built, a 
number of firms gave attention to methods of produc- 
ing finned tubes by welding on a spiral fin. The 
successful production of tubes of this type was first - 
achieved by Tube Products Ltd., but similar tubes are 
now being made by Stewarts and Lloyds Ltd. They 
now appear to be regarded by the designers of nuclear 
power plants as the most satisfactory solution of the 
problem when high finned tubes are required. 

In the manufacture of these tubes a length of the 
base tube is placed on a lathe-like traversing bed and 
the strip is mechanically anchored to the tube. The 
tube is then rotated and the fin is continuously wound 
spirally onto it. Welding takes place at the point of 
contact between the outer surface of the tube and the 
edge of the fin. The source of welding power is a 
high-frequency generator of 0-4-0-5 kc/sec. 

The weld can be described as a fusionless pressure 
resistance weld and the technique is similar in principle 
to that used by many manufacturers in the production 
of electric resistance welded tubing. 

The property of surface transmission of h.f. current 
is utilised, the current having a short path between 
wear-resistant electrode shoes, made of a silver- 
molybdenum alloy, placed on the tube, and the bottom 
edge of the fin strip (Fig. 6). The tension applied to 
the strip provides sufficient vertical pressure to exude 
oxide and achieve a satisfactory weld. To prevent 
undue development of extraneous heat around the 
weld area, copious amounts of water are pumped over 
the tube for a few inches on either side of the fin being 
welded. 

A considerable amount of development work has 
gone into producing a satisfactory product by this 
method of welding, particularly in achieving a heat 
balance between the fin and tube. Strict control of 
welding conditions and machine rigidity are necessary 
to achieve firm adhesion of the fin and a minimum 
development of flash at the fin root. 

Before being accepted for nuclear applications the 
manufacturer’s product is subjected to a searching 
series of mechanical tests, including a fin flattening test 
aimed at revealing unsatisfactory adhesion caused by 
oxide entrapment, or unsatisfactory heat distribution 
and misalignment which results in the fins failing when 
flattened in one direction but giving satisfactory 
results when bent the opposite way. 

In the production of those welded fin tubes the 
manufacturers prefer to use rimming steel for both the 
tube and the fins. It has been found, however, that 
steel of this type tends to oxidise fairly rapidly in CO, 
at the higher temperatures reached in the heat ex- 
changers. Tubes and fins in Si-killed steel are therefore 
used at the higher temperatures. 
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Some Observations on the Notch Toughness 


of Submerged Arc Weld Deposits 


By B. Augland and N. Christensen 


Excellent notch toughness values can be obtained in multilayer sub- 
merged-arc weld deposits. Reasonable notch ductility may also be 
achieved by welding thick plates in two operations only. The notch 
toughness in heavy welds seems mainly to depend on the base material, 
and is not significantly different in the first and second layers, or for 


different notch orientations. 


Introduction 


weld deposits are usually good, although con- 
siderable scattering is generally encountered. 

The fracture surface of an all-welded notch-impact 
specimen often exhibits both fibrous and crystalline 
areas, corresponding to metal in the normalised and 
as-welded state respectively. It would seem reasonable 
therefore to consider the normalising effect of subse- 
quent layers as a main factor contributing to the notch 
toughness of multilayer welds. 

Such zones will become less important in heavy- 
layer submerged-arc welds, and inferior notch tough- 
ness properties might be expected. Relatively little is 
known however about the factors affecting the transi- 
tion temperatures of such welds,* in spite of the 
extensive application of the submerged-arc welding 
methods. In the present work.a rather extreme case 
has been examined, namely a double-V groove joint 
in thick plates welded in one pass from each side. 
These tests were mainly intended to show which range 
of impact properties could be obtained by a careful 
choice of welding conditions. In addition, some in- 
formation might be obtained on the effect of normalis- 
ing, and on the effects of notch orientation upon the 
measured ductility. 


T™« notch toughness properties of multilayer arc 


Materials 


Chemical composition and Charpy V-notch transi- 
tion temperatures (3-5 kgm/cm?*) for the parent-plate 
material are listed in Table I. 

It will be seen that none of the plates meet the notch 
ductility requirements of Lloyds XNT or Det Norske 
Veritas WW-designations specified for this plate 
thickness range. 





* I. L. Stern, N. A. KAHN, and H. NAGEL: Welding J., 1957, 
vol.36, pp.226s—234s. 


Table I 


Chemical composition and Charpy V-notch transition tempera- 
tures of parent plate material 





Thick- Transi- 
Plate ness, Composition, % tion 


No. mm Mn Si P S Temp., 
a al 
$2 32 17 . 0-2 . (04 —16 
$3 30 . . 0-2 . . 26 
S4 40 0-15 . 0-1 . 03 —5 





The filler metal and fluxes employed were commer- 
cial grades intended for use with the chosen steels and 
welding currents. 


Welding Procedure 


Welding conditions are shown in Table II. Details 
of joint design and macrographs of cross-sections of 
welds are shown in Fig. 1. The joints were prepared 
by automatic oxygen cutting to the indicated dimen- 
sions within tolerances of +-1 mm. In the main series, 
a double-V groove was welded in one pass from each 
side. The welding equipment did not permit the use of 
currents heavier than 1200 amp. Consequently the 
welding speed was relatively low in the welding of the 
40 mm plate (S4). The width of this weld is also large 
compared with the other ones. For purposes of com- 
parison one multilayer weld assembly was also 
prepared. As indicated in Table II a different type of 
melt was used in the welding of this assembly. 
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Table II 
Welding conditions 





Assembly No. S2 
Pass 1 2 1 


Current amp 1000 1200 


Speed, in/min 9} 10 
Electrode dia., in. } } 
Melt 


1000 
Voltage, V 34 35 34 


S3 S4 
2 1 2 land2 3and4 Rest 


1200 1000 1200 600 700 750 
34 32 32 30 30 30 
103 43 4} 10 10 10 
t t t is is is 
A B 


S4 (Multilayer) 




















\ 
N/A Af fy : 
WLLL Gy, 
1—Edge preparation and cross-sections of welds: (a) Parent plate 


No. $2; (b) parent plate No. S3; (c) parent plate No. S4; 
(d) multilayer weld parent plate No. S4 





The chemical composition of the welds is shown in 
Table III. The manganese content of the multilayer 
weld is considerably higher than that of the double 
layer welds. The weld of assembly No. S2 has a higher 
carbon content than the others. 


Tensile and Bend Tests 


Tensile and bend tests were carried out according to 
DNV, V § 16; the reinforcement was machined flush 


Table Il 


Chemical composition of welds 





Composition, ° 
Mn Si 
0-65 0-44 
0-70 0-433 
0-73 0-46 
1-43 0-33 


Assembly No. S 
$2 0-13 
$3 0-10 
S4 0-10 
$4 (Multilayer) 0-09 





Table IV 


Results of tensile tests 





Cross 
Assembly Section, 
No. mm? 


U.T.S. Red. 
kg| in 
mm Area, 
53-8 
54-0 
48-7 
50-3 

26:2 ” ” > 
53-4 Fracture in weld 
38-8 Fracture in base mat. 


Remarks 


$2 25-00 x 31-35 
25-00 x 31-3 
$3 25-04 x 29-7 
24-96 x 30-00 
24-95 x 40-00 
25-08 x 39-9 
S4 25-00 x 40-00 
(Multi- 
layer) 


49-7 
49-1 
47-1 
45-7 
49-3 
48-7 
49-3 


Fracture in base mat. 





with the base material. Data from the tensile testing 
are given in Table IV. It will be noted that the ultimate 
tensile strength and reduction in area of the only 


specimen that fractured in the weld are quite satis- 


factory. 

With one exception, all the specimens could be 
bent 180° over a mandrel of diameter 3¢ without 
visible cracks. One of the specimens from assembly 
No. S2 fractured in the heat-affected zone at a bend 
angle of 170°. 


Impact Tests 


Charpy V-notch specimens were machined from 
the weldments as shown in Fig. 2a and b. The position 
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2—Location and dimensions of impact test specimens: (a) Charpy 
V-notch, orientation L; (b) Charpy V-notch, orientation H; 
(c) full plate thickness impact test bar 
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3—Charpy V-notch transition curves of assemblies: (a) No. S2; 
(b) No. S3; (c) No. S4; (d) multilayer weld S4 


of the weld was controlled by etching. Transition 
curves were obtained for the first and the second pass 
in the double-layer welds, in both cases with the 
following notch orientations: 


L—Notch axis at right-angles to the welding direction 
H—Notch axis parallel to the welding direction. 


The same notch orientations were also used in testing 
the multilayer welds. 
Transition curves for the base materials were deter- 


mined with the axis of the specimen in the direction of 


rolling only. In addition, all the welds and the base 
materials were tested by means of impact specimens 
of full plate thickness. Details of those specimens are 
shown in Fig. 2c. 

Testing temperatures below room temperature were 
obtained in the usual manner by immersing the speci- 
mens in a bath of alcohol and dry ice before testing, 
for a period of 10 min for the small specimens and 
15 min for the large ones. 


Table V 
Charpy V-notch transition temperatures 





Parent L Test H Test 
Plate Ist 2nd Ist 2nd 
Assembly No. Material weld weld weld weld 


—16 10 8 0 2 
26 —22 —28 —15 —22 
—5 —10 —10 2 —6 
—50 —50 
(Multilayer) 


Experimental Results 


In Fig. 3a, b, and c, Charpy V-notch transition 
curves for assembly Nos. $2, $3, and S4 have been 
drawn as straight lines between the arithmetic averages 
of the impact values at each testing temperature. 
Twelve specimens were used to determine each transi- 
tion curve. The transition curves for the parent plate 
materials are shown as broken lines. Transition tem- 
peratures defined at 3-5 kgm/cm? (20ft.lb) are listed 
in Table V. 

In spite of some scattering of measurements it is 
easily seen that different notch ductility properties are 
encountered in the various welds. The weld of assem- 
bly No. S3 is in this respect far superior to the others, 
whereas weld No. S2 has the highest transition 
temperatures. The parent plate materials are arranged 
in the opposite order. Thissof course does not permit 
any general conclusions, but it may be noted that 
plates of a good notch ductility will not necessarily 
result in equally good welds. 

Although separate curves have been drawn for 
specimens with different notch orientations and from 
the first and second layers, no systematic influence of 
these factors can be detected when considering the 
data as a whole. Thus, for example, the highest 
transition temperature of weld No. S2 has been 
obtained with L-specimens from the first layer, 
whereas the same series has resulted in the lowest 
transition temperature in the case of weld No. S4. 
Statistical analysis has confirmed this statement. 

As already stated, the fluxes were not the same when 
preparing the multilayer and the double-layer welds. 
The results are therefore not directly comparable. The 
transition temperatures of the multilayer weld are 
—50°C., regardless of notch orientation. Some 
influence of notch orientation may be detected in this 
case however, at the higher energy levels. 

Impact energy values, measured by means of full 
plate thickness specimens, are listed in Table VI. 
Relatively few specimens were available, and as the 
amount of scatter was relatively large, no transition 
curves could be constructed from these measurements. 
The tabulated data clearly show however that both 
the welds and the base material are ranged in the same 
order of merit with the full plate thickness specimens 
and with standard Charpy V-notch specimens. 

The fractures were mainly crystalline in nearly all 
the impact specimens from the welds, excepting 


Table VI 


Impact energy in full plate thickness specimens 
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specimens which contained normalised zones. Ex- 
amples of fracture appearance in Charpy V-notch 


specimens are shown in Fig. 4. The coarse columnar 
grains of the welds may be recognised in the fractures 
approximately orientated at right-angles to the notch 
in H-specimens and parallel to the notch in L-speci- 
mens. Specimens from the first pass in assemblies 
Nos. S2 and $3, and usually also No. S4, included the 
normalised zone from the welding of the second pass. 
The corresponding fibrous areas may be seen just 
below the notch in the H-specimen and at right- 
angles to the notch on the L-specimens. In multilayer 
weld specimens, Fig. 4e, normalised zones are more 
dominant and the grains in the crystalline area are 
less coarse. 


Discussion and Conclusions 


It will be seen from Table V and Fig. 3 that an 
excellent notch ductility has been obtained in the 
multilayer weld. The transition temperatures measured 
in the joints completed in two passes are definitely 
higher, in the range from about —28° to 10°C. Whilst 
these values would not be acceptable for joints in the 
best grade of steel (e.g., Det Norske Veritas designa- 
tion WW or Lloyd’s Register of Shipping designation 
XNT), they would be quite satisfactory in the joining 
of a plain grade of steel, and might possibly be 
tolerated for intermediate grades (e.g.. DNV grade 
W). 


4—Fracture appearance in Charpy V-notch 
test specimens: (a) H test, 1st weld; (b) 
L test, Ist weld; (c) H test, 2nd weld; 
(d) L test, 2nd weld; (e) L test, multilayer 
weld x4 


The notch toughness of the welded joint appears to 
be influenced by the parent-plate material more than 
by any other factor. Thus, closely similar results have 
been obtained for the two layers where both the 
welding conditions and, perhaps more important, the 
thermal history are different. It would hardly be 
justified however to make a general statement on the 
basis of the present data. 

The lack of any significant difference in energy 
absorption between the first and second weld, even in 
those cases where the notch is placed in the normalised 
zone, is rather unexpected. The fracture appearance is 
quite different however, and it is possible that a weld 
containing a recrystallised zone will be better as far as 
resistance to fracture propagation is concerned. 

The orientation of the notch with respect to the 
direction of welding has not been found important in 
the present double-pass welds, i.e., largely the same 
energy absorption is observed in the H and L-speci- 
mens. It appears thus that a fracture roughly parallel 
to the axis of the columnar grains can be initiated as 
easily in the direction of grain growth as in one 
normal to this direction. 
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Welding in Shipbuilding 


A Symposium, jointly organised by the Institute of Welding, the Royal Institu- 
tion of Naval Architects, the Institute of Marine Engineers, the Institution of 
Engineers and Shipbuilders in Scotland, and the North East Coast Institution of 
Engineers and Shipbuilders, is to be held in London from 30th October to 


3rd November, 1961. 


The thirty-four papers specially prepared for presentation and discussion are 
too voluminous for publication in the British Welding Journal, and are being 
distributed in preprint form to those enrolled for the meeting. 

For the guidance of those not attending the full Symposium, summaries of the 
papers in the five groups, prepared by the assessors are presented below. 


DESIGN 


. Some Trends in the Design of Welded Hulls by J. Turnbull 
and R. Ibison 


. Structural Design of Welded Cargoships by H. W. 
Groeneveld 


. Welded Design Details by H. J. Adams 


. Notes on the Structural Design of Welded Ships by J. B. 
Caldwell 


. Welded Hulls in Shipbuilding by P. Stenberg 


These papers cover the wide range from research and 
theoretical considerations to their practical application 
and future possible developments. The main theme is the 
importance of the design of structural details, of which all 
are discussed and many improved designs suggested. 

Caldwell considers the practical application of structural 
theory and research in developing optimum designs of 
ship structures. The design of panels and stiffened plating, 
for which symmetrical sections are recommended, welded 
connections and designs in way of holes and notches in the 
structure, are all fully discussed, and formulae for scant- 
lings are given. There is a section on deckhouses. This 
paper, although developed with warships in view. is 
applicable in general to merchant ships. 

Groeneveld pays particular attention to the design of 
strength deck and bottom structure from the longitudinal 
strength aspect. The advantages of longitudinal stiffening 
are demonstrated. The continuity of strength, the avoidance 
of discontinuities in sectional area, and concentration of 
stresses, as well as the design of some important parts of 
the ship’s structure, such as brackets and machinery 
seatings, are described. Consideration is given to the 
problem of torsional rigidity, and views are expressed on 
the fixing of heavy masts to the ship’s hull. 

Some midship sections for large tankers and a bulk 
carrier are presented in Stenberg’s paper. He deals with the 
design of structural details such as hatchway corners, bul- 
warks, brackets, bilge keels, and gunwale bars. This paper 
includes references to the quality of steel, including notch 
brittleness, for shipbuilding purposes, to deckhouses and 
to stress flow around large holes in the structure. A case is 
made for the adoption of slab and built T-sections in place 
of the standard rolled sections, a point also mentioned in 
the paper by Turnbull and Ibison. 

Many of the most important structural details are 
discussed in Adam’s paper. A special point is made of the 
dangers of welding on and cutting notches in exposed 
plate edges, and the need for tapering off gradually in order 


to avoid sudden changes of section. One part of the paper 
deals with the design of brackets. The author states that the 
secret of success with the all-welded ship lies in attention 
to detail. 

Turnbull and Ibison call for a re-examination of designs 
in order to achieve an improvement in efficiency of the 
structure accompanied by reduced cost of production. A 
completely new design of hatchway corner is submitted for 
discussion. This is presented as part of the aim to stand- 
ardise structural details. It is believed that rounded 
gunwales will become more popular because of the 
economies in erection times and work content. The 
authors recommend swedged and corrugated bulkheads. 
A suggestion is that perhaps progress in the economical 
building of ships is being hampered by over-much atten- 
tion to theoretical considerations, and a plea is made for 
simplification of structural details. Other trends and 
possible future developments are mentioned. 

Over sixty sketches illustrate in these papers the views 
of the authors, which cover every aspect of practical hull 
design. 


MATERIALS 


High Yield Point Steels 


6. Some Thoughts on the Problem of Welding High Tensile 
Steels by F. Watkinson, R. G. Baker, and H. F. Tremlett 


7. Weldability of Admiralty High Strength Shipbuilding 
Steels hy W. H. Winn and L. Wortley 


Watkinson, Baker, and Tremlett briefly review the 
problems of hot and cold cracking in welded joints. They 
suggest that the liability to cracking increases markedly as 
the carbon content exceeds 0-17°% and that the common 
additions such as manganese, chromium, nickel, etc., have 
an adverse effect. Cold cracking in the heat-affected zone is 
influenced most strongly by: 

(i) A susceptible microstructure 

(ii) Hydrogen 

(iii) Residual stress. 

Low-carbon martensites, in which the grains form as 
needles, are less susceptible to cracking than higher 
carbon martensitic structures, in which the grains form as 
plates which are internally twinned. It is suggested that 
cracking does not initiate instantaneously in all cases but 
may occur after an induction period in a definite limited 
temperature range. This leads to the recommendation that 
if the formation of martensite in the heat-affected zone 
cannot be entirely prevented by adequate preheat, it 


i LSA sitive i 











478 


should be decomposed by re-heating before cracking has 
had time to occur. The effect of welding electrode moisture 
content and the benefit of low-hydrogen electrodes and 
gas-shielded techniques are now generally known and are 
referred to briefly. The desirability of reducing macro 
stresses by attention to the geometry of the joints and the 
strength of the weld metal is noted. Consideration of the 
effect of alloy content and the susceptibility to cracking 
lead to the evolution of the “1-1-1” steel, which is now 
used as an Admiralty Specification and is called Q.T.35. 
This steel was originally developed as a high-yield-point 
steel which could be welded with low-hydrogen mild steel 
electrodes without preheating, except in thick sections. The 
authors make an interesting suggestion that if, in fact, it is 
possible to employ adequate preheating, it might be 
feasible to obtain the required mechanical properties from 
a lower alloy steel in the water quenched and tempered 
condition, thereby reducing ingot costs. 

The paper by Winn and Wortley presents an interesting 
analysis of the problems which arise in ship construction 
as the tensile strength of the steel is increased. The logical 
development of steel composition from the carbon man- 
ganese B quality steel, developing minimum yield strengths 
from 18 to 20 tons/sq.in, to the quenched and tempered 
Q.T.35 steel containing manganese, nickel, chromium, 
molybdenum, and vanadium, which develops a 0-2 % proof 
stress from 38 to 45 tons/sq.in, is shown. A “‘weldability 
carbon equivalent” has been developed by means of the 
C.T.S. test. A “weldability carbon equivalent” of about 
0-60 is considered to be the extreme maximum using the 
most stringent preheat arrangements, baked electrodes, or 
other welding processes which admit low hydrogen to the 
weld pool. This limits the maximum strength of the steel 
and shows that it is important to reduce the carbon level 
as far as possible, relying upon other elements to provide 
the strength and low temperature properties which are 
further improved by the quenched and tempered structure. 
The authors also refer to the difficulty of matching the 
strength of the weld deposit with that of steels in the 
higher range group and at the same time preserving sound 
weld deposits. This difficulty does not apply when welding 
steels in the lower strength range of the groups studied. 

The sensitivity of the ““weldability carbon equivalent” to 
minor variations in composition of the steel requires the 
stipulation of close compositional tolerances, and ingot 
selection may be desirable to control weldability. To avoid 
hot cracking in the weld, the weld metal composition 
should have a manganese/sulphur ratio of at least 35. 


Both papers emphasise the importance of utilising the 
lowest possible carbon level in the steel and minimising 
hydrogen contents by choice of electrodes together with 
the production of a favourable microstructure by ade- 
quately preheating the joints. 


Residual Stress and Brittle Fracture 


8. A Study of Residual Welding Stresses in Restrained 
Joints by Toshiro Yoshida 


This paper gives numerical results of a thorough in- 
vestigation, using full-scale test pieces welded under 
conditions of full restraint. The recommendations for 
fabrication would of course be more convincing if the stress 
measurements had been taken on ships’ hulls. 


9. Effect of Restraint on Residual Stress by Y. Matsuyama 
and §. Terao 


The first part of the paper gives results of full-scale 
model experiments using slit type specimens and introduc- 
ing a coefficient of restraint derived from stress measure- 
ments. The second part describes series of tests during 
actual ship construction, for welded joints in the hull 
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plating, bulkheads, and deck-plating. The results are again 
reduced to numerical values for the coefficients of restraint 
and this allows a useful comparison to be made between 
the model tests and the actual hull construction. 


10. Effect on Brittle Fracture of Forming by Line Heating 
Method by Y. Matsuyama, T. Hashimoto and T. Maeda - 


The aim of this paper is to show that the method for 
bending ships’ hull plates developed by one of the authors 
and designated ‘Line Heating Method’ does not increase 
the susceptibiltiy of the bent plate to failure by brittle 
fracture. The method, which involves heating and sub- 
sequently water cooling a steel plate, has no greater effect 
on the properties than the process of press bending in 
either the hot or cold condition. The reason is said to 
reside in the fact that the heating is controlled in such a 
manner as not to increase the temperature of the plate 
beyond the A, transformation point. The effect on the 
metallurgical structure has been determined by static 
tension, bend, V-notch Charpy, hardness and microscopic 
tests. 

These have been followed by large-scale brittle fracture 
tests recently developed, which are claimed to correlate 
with the mechanism of brittle fracture in actual structures. 
Tests were conducted over a series of specimens differing 
only in regard to plate thickness, degree of restraint and 
the frequency of the heating cycle. Control tests were 
carried out on unworked specimens so as to form a basis 
for comparison. During the course of the investigations, it 
was found that the fracture transition temperature ob- 
tained by the pressed-notch Charpy test and the arrest 
temperature determined by the double-tension test are 
closely related. 


Light Alloys 

11. Mig Welding of Al-33°,Mg Alloy in Shipbuilding by 
W. Santini and O. Piazzai 

12. Application of Welding to Ship Construction: with 
Particular Reference to the Aluminium Superstructure 
of TSS ‘Oriana’ by L. Redshaw 


13. Present Position and Future Trends of Welded Alumin- 
ium in Ships by E. G. West and W. Muckle 


There can be no doubt on reading the three papers in 
this section that the large scale use of aluminium in ship- 
building is well established; in fact, like welding, alumin- 
ium is becoming indispensable. All authors agree that the 
use of aluminium has hinged to a large extent on the 
development of satisfactory methods for welding; to be 
precise, the inert-gas metal-arc method. The fact that 
shipyards have accepted aluminium, which requires some- 
what greater care in fabrication, and inert-gas welding, 
regarded once as an expensive and sensitive method, is a 
fine recommendation for both material and welding 
process. 

The welds produced under present shipyard conditions 
are not, of course, perfect. Santini and Piazzai list all the 
common defects as well as cracking at the start and end of 
some welds found in a large superstructure in Al-3}°%Mg 
alloy. They show, however, that in spite of this, the U.T-.S. 
of welds is usually up to the annealed strength of the plate 
material. With defects of limited size they found a drop in 
strength to about 90% of the annealed figure. The authors 
make some general recommendations for approval and 
qualification tests and comment on the standard of weld- 
ing which can be obtained. They take the view, also held by 
some authorities in Britain, that uniformly distributed 
porosity and minor internal defects are unimportant 
except perhaps in fatigue, a point on which information is 
required. 

The need for more attention to fatigue, particularly in 
regard to detail design, is stressed by Muckle and West. 
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These authors, reviewing the development of aluminium 
in shipbuilding, comment that still further use could 
probably be made of the ease with which aluminium can be 
extruded. For the future they forecast that thicknesses 
above 0-5 in. are unlikely in superstructures and on this 
basis comment that no new welding problems are likely to 
be encountered. 

Even if the upper structural parts of a ship were to be 
made in aluminium, necessitating greater thicknesses, the 
welding should not prove difficult. The next major advance 
would be the aluminium hull, obviously not an economic 
proposition for a dry cargo vessel, but not an impossible 
future development for vessels where advantage could be 
taken of the superior corrosion resistance of aluminium to 
both seawater and certain oil products which might be 
carried as cargo. 

The Oriana is the latest of several large passenger 
vessels utilising aluminium for superstructures. In describ- 
ing this application Redshaw points out that the use of 
aluminium was the result of a critical examination of the 
service requirements and not merely a dictate of fashion. 
The decision to use aluminium had a marked influence on 
the design of the steel hull, since unnecessary weight there 
could nullify some of the value of using aluminium. The 
design of the superstructure differed from that for previous 
ships in that a “long” structure was employed without 
expansion joints. Tests made during launching showed that 
this aluminium structure contributed to the longitudinal 
strength of the vessel. 

Along with the other authors Redshaw states that there 
are few outstanding problems in the use of aluminium in 
shipyards and that most large passenger vessels of the 
future will use this material. 


YARDS AND CONSTRUCTION 


Building 
14. Building of Welded Ships by 7. McIver 


This paper outlines some of the major developments 
made at the Wallsend Shipyard of Swan, Hunter & 
Wigham Richardson Ltd., to cater for a complete 
diversification in type of ship to be built when handling 
between 50,000 and 60,000 tons of steel per annum. 

Plate production bays include machinery specially 
developed for the yard, such as a flat bar vertical rolling 
machine and a multi-spindle drilling machine capable of 
pre-setting and drilling without marking. Of particular 
interest is the introduction of a magnetic tape operated 
profile burning machine developed in conjunction with the 
British Oxygen Co. Ltd. and Ferranti Ltd. 

The Prefabrication Shop is equipped with 10 ton and 
25 ton overhead travelling cranes operating on two levels. 
Welding equipment includes four submerged-arc gantry 
type welding machines with 60 ft wide portal frames. 

The largest of five building berths can accommodate 
vessels up to 88,000 tons, and a cross-over berth using 
Nos. 1 and 2 could handle well over 100,000 tons. These 
berths are served with travelling cranes ranging from 
45 to 60 tons. 

The paper ends with a section on the technique of 
welded construction and outlines the degree of inspection 
adopted. 


15. Building of Welded Ships by W. R. Mellanby 


A compact summary of the building procedure, par- 
ticularly effected by optical marking and automatic flame 
cutting, as adopted by the Sunderland shipyard of Bartram 
& Sons Ltd., is given in this paper. 

Considerable stress is laid on standardisation, be it hull 
design or weld edge preparation. 

Production planning has been introduced to a high 


degree, being particularly suited to the modern tech- 
niques employed and most essential to this yard of limited 
area relative to the productive capacity. 

Some interesting information is noted when considering 
the amount of material being optically marked or auto- 
matically flame cut, and work entailed by the 1:10 scale 
mould loft. 

For this two-berth yard producing 5-6 dry cargo ships 
per annum, an average of 17,000 gross tons of steel is 
utilised, and it is considered an average of 1,200—1,500 tons 
of steel should be passing through the preparation and 
welding shed assembly stage at any one time. 


16. Shipyard Development for Welding and Prefabrication, 
1945-60 by J. P. Jespersen 


This paper gives a brief outline of the developments at 
the Middlesbrough Shipyard of Smith’s Dock Co. Ltd., 
starting with a section on early history and then consider- 
ing the developments that have taken place since the war, 
concluding with a few remarks as to items under con- 
sideration for the future. 

It is noted that the late H. W. Townshend was a strong 
protagonist of welding and started experimental work on 
the welded prefabrication of structures for trawlers in the 
pre-war years, which provided valuable experience when 
developing the design for the wartime corvettes and 
frigates. 

With the introduction of shot blasting machinery 
investigations are in progress as to a suitable pre-welding 
primer. 

It has been found that with the introduction of vacuum 
plate lifting equipment the horizontal stacking of plates 
has considerably simplified stockyard procedure. 

Automatic welding equipment consists of six submerged 
arc welding machines in the shops, four of 1,200 and two 
of 900 amp capacity; on the berth two 750 amp capacity 
open-are machines are available. 


17. Chronological Summaries of Shipbuilding Practice in a 
Japanese Shipyard by K. Araki and M. Kanayama 


As the title implies this brief paper can give only an 
outline of the considerable thought and study made at the 
Kobe Shipyard of Mitsubishi Heavy Industries Ltd., in 
relation to modernisation and production planning and 
control. 

The overall result of this work in a period of just over 
ten years has been to increase the yard capacity of steel 
fabricated from 2,250 tons to 3,850 tons per month, while 
reducing the steel weight of similar ships by 15 °% and man- 
hours by 50%. 

Apart from the introduction of all the latest equipment 
for plate preparation, it is noted that besides cold bending 
a method of bending by line heating has been developed. 


Layout 

18. Mechanisation of a Platers’ Shop by C. J. Schuit 

19. Shipyard Layout for Welded Shipbuilding by A. R. 
Belch and J. T. Y. Milne 

20. New Dock in Gdynia for Building Welded Ships by 
J. Z. Zydowo and J. Gorski 


Materials Handling 


21. Handling of Material in the Hull Department by 
B. Munch 


22. Conveyor Production System Adopted in Hull Shops 
by Y. Matsuyama 


These papers are concerned principally with shipyard 
layout, steel material handling and platers’ shop machine 
loading for welded ship construction. 

The papers describe either the completed layout of a 
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shipyard or one where the layout is in process of develop- 
ment. 

Years ago it was stated that it is a reasonably straight- 
forward problem to plan an efficient shipyard layout for 
welded construction provided the shipyard is laid out on 
virgin ground with ample space and ample capital and 
when based on a standard ship construction. 

Although these papers represented the views of ship- 
builders from Denmark, Holland, Japan, Poland and 
Scotland, the layout, in many cases, was dictated by 
limitation of space and the necessity to cater for the 
building of various sizes and types of vessels. 

All the papers aim at economic ship construction to be 
achieved by the maximum use of mechanisation and 
minimum material handling with consequent minimum 
manpower together with reasonable capital expenditure. 

The papers cover the standard approach to the problem, 
namely, steel stockyard, the platers’ shed, layout space for 
steel plates and sections, the unit prefabrication shop, 
layout space at berths, berths and cranage. There is also 
an interesting approach to the subject where the vessels are 
built in a dry dock with a large block assembly area 
ahead of the dry dock, where block units up to 500 tons 
are assembled. The object of the block assembly area is to 
reduce the work and, consequently, the time in the dry dock. 

In many cases earlier studies on shipyard layout for 
welded construction under-estimated the area and cranage 
of the prefabrication and unit assembly shop and over- 
estimated the area of the plate and angle preparation shop. 
Some of the present papers contain figures of the area of 
the shops described for a given steel output, but at least 
one paper admits that the areas of the shops mentioned 
above are not as balanced as actual requirements demand. 

While no author has suggested it, it might appear wise to 
arrange the layout so that the height and cranage position 


of the plate and angle preparation shops be so designed as~ 


to be easily adapted for unit assembly. Over the years the 
tendency has been to reduce the area of the plate and 
angle preparation shop and this trend may continue 
especially if, as may be the case, plates and angles will be 
delivered in the future from the steelworks cut to exact sizes. 

The papers also contain many interesting figures relating 
to the number of plates and bars for varying sizes and types 
of craft, these statistics being necessary to plan machine 
loading and the layout generally. 

It is interesting to note that shot blasting is embodied in 
each layout. It would appear that shipbuilders now con- 
sider the installation expense of shot blasting is offset by 
the easier cutting, welding, painting, and handling of the 
shot-blasted material. 


WELDING AND CUTTING 

Processes 

23. Properties of Submerged-Arc Butt Welds in Mild Steel 
by W. Santini and U. Girardi 

24. An Example of Practical Application of CO, Welding 
in Shipbuilding by A. Bohdanowicz 

25. Automatic Welding Applied to Ship Construction by 
Toshio Yoshida 

26. Specific Defects in Automatic Submerged-Arc Welding 
by W. Gunther 

Submerged-arc welding is the principle subject covered 
in these papers on the welding processes. 

Although now well established, welding by this means 
continues to present problems especially to the less 
experienced users of the process. 

The question of piping in submerged-arc welding, and it 
is an ever recurring one, is generally attributed to lack of 
interpenetration of the base runs, and is caused by escap- 
ing gases into the molten pool. It occurs in the first run on 
the reverse side of the joint. The aim in curing this fault 
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should be more efficient set up; i.e., a closer butt to allow 
the use of increased current, lower voltage and reduced 
speed. A tolerance of fit-up of % in. over a 30—40 ft length 
will be found acceptable on the thicker plates. Where this 
fit-up is impracticable, and particularly in joints of heavy 
plating, methods have been investigated having excessive 
gaps filled with powder, and using varying current values 
and voltages has been successful in eliminating fault areas. 

The value of accurate fit-up to allow increased current 
and slower welding speed is demonstrated in a further 
paper on hot cracking in submerged-arc welding. It shows 
that when the current value exceeds a certain value, and 
speeds reduced relative to plate thickness, the danger of 
cracking and degree of cracking rapidly decreases. Critical 
current values can also vary with different combinations of 
wire and flux. 

In welding butt joints there is the possibility of burn- 
through of the filler wire with the first run when attempting 
to apply excessive current. This tendency can be counter- 
acted in the thicker materials by adopting a variation in the 
commonly accepted double Vee or ‘X’ preparation. By 
preparing the two levels in each plate asymmetrically and 
reversing the plates a ‘Z’ formation can be made. This 
preparation allows greater tolerance in the root gap, and 
compared with the conventional ‘X’ type of joint burn- 
through danger is reduced to a minimum. 

Hot cracking in submerged-arc welding is further dealt 
with at some length in a paper on the properties of butt 
welds in mild steel. Two types of cracking; viz. longitud- 
inal in the direction of the weld, and interdendritic, have 
been investigated. 

Tests carried out in Italy have indicated a relationship 
between the incidence of cracking to the chemical composi- 
tion of the plate being welded with particular reference to 
carbon. 

It was found with a carbon content exceeding 0°18% 
that bend tests on welded joints were not possible. 

Tests invariably failed at low angles on account of the 
presence of interdendritic cracking. As a result of these 
investigations the classification society inserted require- 
ments in their rules limiting the amounts of alloying 
elements in steels intended for welding with a deep pene- 
trating process such as the submerged-arc. Further 
investigations have been carried out and it has been found 
that butt joints made with submerged-arc in two passes 
may be affected when the carbon content of the base metal 
is greater than about 0-18% to 0-:20°%. 

At levels of 0:24% carbon or higher severe inter- 
dendritic cracks are often present in the weld metal. 

The severity of the cracking is also dependent on other 
factors; e.g., other elements, edge preparation and welding 
conditions but in no case is there any safety against their 
occurrence. Notch toughness of welded joints is a variable, 
dependent on type of steel, wire, flux and technique of 
welding. For joints welded in two passes, a figure of 
20 ft.lb absorbed energy is obtained only at room tempera- 
ture. This figure in the sub-zero temperatures down to 
—30°C. can be obtained only by using multi-pass welding 
and suitable flux-wire conditions. 


Procedures 


27. Investigation of Procedures for Gunwale Connections 
in Large Ships by H. Kihara 


The procedure for fillet welding between deck plate.and 
gunwale plate in large ships was one of the most important 
subjects of a nation-wide joint research undertaken in 
Japan. On the basis of data obtained from various experi- 
ments, the following conclusions were derived: 

(1) The adoption of double-bevel groove welding with 
partial penetration is recommended for T-joints in 
gunwale connections, in view of the problem of 
welding distortion. 
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(2) At the root of such a weld, microscopic cracks seem to 
be inevitable with all weiding technique. 

(3) These microscopic cracks, however, are considered to 
have no vital effect upon the actual gunwale under 
service conditions. 

Recently, a new type of welded gunwale was developed 
at a shipyard in Japan. An L-joint of the full-penetrating 
type “butt weld’ is adopted in place of the conventional 
T-joint with fillet welds. Preliminary tests of this con- 
nection showed promising results, regarding not only the 
welding distortion but also weld defects. 


28. Welding Procedure for Doubling Plates by H. Kihara 


For a doubling construction to reinforce the deck 
members of large size ships, the following three procedures 
are popular: (a) direct welding, where the edges of the 
doubling plates are welded on to the surface of the lower 
plates; (6) welding with a liner, where a thin backing liner 
is placed between the doubling and the lower plates at the 
welding groove; (c) welding the doubling plates first from 
both sides, then riveting them to the lower plate. Another 
procedure, i.e., welding the doubling plates with double 
coated low-hydrogen electrodes from one side, is also being 
developed in Japan. 

Combined riveted and welded doubling joints showed 
an overall superiority to others. Though the formation of 
microcracks in direct-welded joints could not be entirely 
prevented, a proper selection of the welding conditions, 
especially the use of low-hydrogen electrodes, considerably 
reduced the tendency to cracking which, in any case, had 
little effect on the static strength of the joints. Liner-joints, 
though practically free from microcracks, exhibited 
properties inferior to those of direct-welded joints in tensile 
and bend tests at low temperatures, and in the endurance 
limit, which was about 16 kg/mm2. Joints made from one 
side proved to be very promising in every respect except 
the endurance limit, which was slightly higher than that of 
the liner-joints. 


29. Some Problems of Welding Procedures at a Japanese 
Shipyard by Toshio Yoshida 


Brief accounts are given of studies made to overcome 
three problems in a Japanese shipyard. In the first, the 
development of a cored carbon rod has allowed the use of 
a.c. welding machines for arc-air gouging, in place of 
costly d.c. equipment. 

The second study concerns the effects on the cracking of 
welded joints of adjacent vibrations from pneumatic tools. 
Recommendations are given for the avoidance of this 
trouble. 

Finally, there is a description of laboratory and full-size 
tests to determine the feasibility of omitting doubling 
plates in the upper decks of ore and oil carriers. 


30. Welding Distortion in Shipbuilding by D. M. Kerr 


Shrinkage and distortion are essential features of any 
welding process, so that in design and in the establishment 
of welding procedures methods of overcoming the prob- 
lem have to be devised. 

The author briefly describes and illustrates the different 
types of distortion and shrinkage that occur in shipbuilding 
and, from the results of a series of extensive tests, gives 
guidance on the most suitable means of eliminating or 
reducing their effects. 


Cutting 


31. Automatic Gas Cutting Machines for Shipyard use 
by R. Sillifant (paper not yet available). 


QUALITY CONTROL 


32. Non-Destructive Testing of Welded Joints used in 
Naval Construction by H. Gibbs 


33. Non-Destructive Testing of Ship Welds in Holland 
by A. de Sterke 


34. The Pull-Out Type Fracture in Rolled Steel Plates 
by M. Watanabe 


In the paper by Watanabe the occurrence of this particular 
type of fracture is discussed in detail. The weld failure in 
question can occur in rolled steel plate of excellent welding 
quality and investigation has disclosed that its occurrence 
cannot be prevented by the methods at present employed 
to reduce the incidence of underbead or toecracking. One 
main contributing factor to the pull-out type of weld 
failure is the poor ductility of a transverse section of rolled 
steel. Other factors found to be associated with this defect 
are the chemical composition of the steel, the welding 
technique employed and the degree of restraint present 
during welding. 

Numerous diagrams illustrate the text and the results of 
various test experiments are tabulated. 

The remaining two papers are devoted to the application 
of a variety of methods of non-destructive testing to ship 
welds in both the Netherlands and the United Kingdom. 
Each paper gives a clear exposition of the part played by 
radiography, in particular, in the production of a welded 
ship. 

For reasons both practical and economic it is not 
possible to carry out a 100% examination of all the welds 
in a ship’s structure. In the shipyard, radiography would 
appear to fulfil its best function when it is applied as a 
means to achieve weld quality control rather than as an 
acceptance test of a welded joint. There appears to be a 
growing tendency for spot checking random points using 
short lengths of film. The advantage of this is that the partic- 
ular area to be examined is not known in advance therefore 
there becomes available an indication of the average 
standard of general welding on the ship. Mr. de Sterke has 
produced a very interesting graph giving the number of 
radiographs per ship for several Dutch shipyards. 

Experience has shown that not all defects encountered in 
welds are attributable to the welder alone and that various 
other factors influence the quality of the final weld deposit. 
Both papers emphasise that all the defects do not auto- 
matically warrant repair and urge that consideration be 
given to several factors before a decision is reached. The 
significance of a weld defect depends not upon its size and 
type alone. A careful assessment of the significance should 
be made by giving consideration to whether or not the 
welded joint is in a main strength member, whether or not 
the defect in itself is a possible stress raiser and finally 
whether repair will necessitate rewelding under conditions 
of excessive restraint such that the introduction of un- 
desirable stress will fail to improve the situation. In 
connection with the assessment of a weld defect as re- 
vealed by radiography the papers make reference to the 
desirability of having a code of radiographic acceptance 
standards for application to shipwelds. 

The field of ultrasonic flaw detection opens new pers- 
pectives in shipweld inspection. Initial scanning of all 
major butt and fillet welds by ultrasonic testing methods 
would appear to be a feasible proposition and a very great 
improvement on the present radom sampling by radio- 
graphic methods alone, particularly when the possibility 
of an economic semi-automatic method of scanning is 
contemplated. 
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BRANCH REPORTS 


From time to time we receive more complete reports of Branch lectures than can be 


accommodated in ** News Section” ; 


when space permits these reports, or condensed 


versions of them, will be presented in this additional section of the Journal. 
Lectures that present original information or the results of development work 
would more usually be presented in the section **Welding Technology’. 


WELD RADIOGRAPHY 


In 1895 ROntgen discovered X-rays 
and radiographed hands, metal, a shot- 
gun, a box of weights and discovered 
most of the properties of X-rays. 

An important feature, dating from 
this time, is that X-ray inspection was 
applied to a weld as early as 1896. 
Unfortunately the equipment was very 
primitive, and was unsuitable for the 
routine examination of metals; accord- 
ingly the medical applications grew but 
the industrial applications were largely 
neglected. 


However, in 1917 the Royal Arsenal 


at Woolwich set up an industrial X-ray 
section for examining the joints in 
wooden aircraft structures and for 
inspecting other industrial items. 

The next important step in weld 
inspection came in 1931, when the U.S. 
Navy agreed to the approval of welded 
boilers subject to radiographic inspec- 
tion. Now radiography is a mandatory 
test for Class | vessels coming under the 
survey of many important organisations. 

Radiography should be well done, 
otherwise it is pointless, as it is easy to 
miss defects unless great care is taken. 
At this stage it is appropriate to mention 
that the method is non-destructive, i.e., 
the structure is just as sound (or as un- 
sound) as it was before the test was 
made. There are,.of course, other non- 
destructive methods of testing welds. 
The more complex methods use ultra- 
sonic sound beams and magnetic inks. 
Each method has its limitations and, 
ideally, it would often be best to use all 
the methods, but for the expense and 
time involved. 


Fundamentals 

X-rays and gamma-rays are part of 
the electro-magnetic spectrum but have 
shorter wave lengths than those of 
visible light. Their important properties 
are that they: 


(1) penetrate matter whether opaque 
to light or not; (2) travel in straight 
lines; (3) are absorbed according to the 
density and thickness of the material 
through which they pass; (4) fog photo- 
graphic materials; (5) ‘make certain 
chemicals fluoresce; (6) ionize gases; (7) 
are dangerous to life. All these pro- 
perties are of importance in industrial 
radiography. 


Generation of X-rays 


X-rays are generated when an acceler- 
ated electron stream strikes a tungsten 
target in an evacuated tube. The choice 
of tungsten is due to its high melting 
point and high efficiency of X-ray gener- 
ation; as the electron beam generates 
heat at the target, it is essential to keep it 
cool, e.g., by water or oil cooling. The 
penetrating power of X-rays increases 
with rise in kilovoltage. The higher the 
kilovoltage the shorter are the wave- 
lengths generated. The shorter wave- 
length is the more penetrating. In weld 
radiography, voltages range from about 
15 kV for spot welds to 2 million V for 
steel welds 4 in. or more thick. In fact, 
mobile 15 MeV equipment is now avail- 
able for examining welds up to 10 in. 
thick. Kilovoltage is therefore a measure 
of the quality of the radiation, and the 
quantity is controlled by the size of the 
electron flow from filament to target. 
The greater this current, which is meas- 
ured in milliamperes, the greater is the 
amount of radiation available and the 
shorter the exposure. 

The tungsten target is usually set in 
copper to assist in heat dissipation. The 
smaller the area from which X-rays 
arise, the better is the definition in the 
radiograph, hence the tube designer 
endeavours to achieve a small focal spot 
for the sake of definition and a large 
focal spot to assist in heat dissipation. 
A compromise is achieved by setting the 





































































































target at an angle of 70° to the tube axis 
and causing the electrons to impinge on 
a rectangular area; so far as the image is 
concerned, it is the projected area of this 
rectangular region which is image form- 
ing. 

The simplest X-ray generating circuit 
utilises the self-rectifying feature of the 
X-ray tube. This circuit utilises only one 
half of the applied current. Fully recti- 
fied circuits, e.g., the constant potential 
circuit, make full use of the applied 
energy. Consequently, for the same 
applied current, the constant potential 
circuit is more effective. 


Commercial Apparatus 


The commercial apparatus available 
varies in design, shape, focal spot size 
and output in terms of quantity and 
quality. In weld radiography, two 
problems arise: (a) the examination of 
welds in the shop; (b) the examination 
of welds on site, e.g., power stations, 
pipe lines. Fixed apparatus is suitable 
for the first, but site work calls for more 
portable equipment. Limitations of tube 
current are tolerated under such circum- 
stances and consequently a much 
smaller bulk of equipment can be 
achieved. 


Gamma-rays 


Whereas X-rays are emitted in a 
continuous spectrum, gamma-rays are 
emitted as a line spectrum. 

It is therefore quite impossible to 
make a strict comparison between 
X-rays and gamma-rays in terms of 
kilovoltage of X-ray generation. Gener- 
ally the output of gamma-ray sources 
is much lower than that of X-ray tubes 
and consequently the exposures for 
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gamma-rays are usually very much 
Jonger. 

The following artificial radioactive 
otopes are available as sources of 
samma-rays. 


Steel Thick- 
ness, in. 4 Life 


 hulium—170 4 127 days 
|; dium—192 74 days 
esium—137 33 years 
balt—60 5-3 years 





In using such radioactive isotopes, it 
necessary to consider many funda- 
rental factors of which the most im- 
yrtant to the radiographer are: (a) the 
ometric size; (b) the strength; and 
(-) the half-life. The last is merely the 
ost convenient way of describing the 
fe of a gamma-ray source whose 
cctivity falls exponentially. A source 
right be quite valuable for radiography 
en after its half-life has passed, 
¢epending on the initial strength of the 
yurce. 

Some authorities suggest that Thulium- 
70 is ideal for the radiography of light 
alloys, but it is rarely used for this pur- 
ose because its penetration cannot be 
suited accurately to the thickness of the 
ietal being examined, and X-ray expo- 
ures are usually much quicker. 

Gamma-ray sources emit gamma rays 
hroughout their life and there is no way 
f stopping this emission. Consequently 
ine source should be stored in radiation- 
bsorbent containers made of lead to 
ensure adequate protection of personnel. 
For radiography, they are used in 
gamma-ray source containers which 
provide an outlet port for the radiation. 
Some source containers are arranged so 
that this outlet port can be opened by 
remote control to facilitate safety pre- 
cautions. The source may be used 
(a) without such a container when 

radiation emerges in all directions, 
when the source allows the radio- 
graphy of a specimen around the 
source, ¢.g., a complete girth weld 
in a pressure vessel, or a group of 
castings arranged around the source. 
in containers, when the beam is 
limited to about an angle of 60°, 
making it convenient for the radio- 
graphy of welds in sections about 
15 in. long. 

Gamma rays, because of their rela- 
tively high penetration, produce images 
which usually show lower contrast than 
X-ray images; consequently, the same 
defect may show up with less contrast in 
a gamma-ray image than in the X-ray 
mage, and this may suggest that the 
lefect is not so serious in the first case. 

This low image contrast is not, how- 
‘ver, always a disadvantage as gamma- 
iy sources provide excellent pictures of 
he internal components of assemblies 
nd give very useful overall radiographs 
f castings of heavy metals which vary 
reatly in thickness. 

Many types of gamma-ray source 
ontainers are now available and in 
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purchasing them it is important to ob- 
tain some assurance from the supplier 
that they are suitable for the source for 
which they are to be used and provide 
adequate protection. 

The most important precaution in 
dealing with gamma-rays (or with X- 
rays) is to keep out of the main beam, 
and to keep away from scattered radia- 
tion. The Factory Inspectorate is about 
to publish regulations on their use, and a 
useful booklet on the same subject has 
been published by the British Welding 
Research Association. 


Technique 


Basically the source of radiation must 
be on one side of the job and the film on 
the other. For the best definition the 
sources of radiation should be as far 
from the job as practicable and the film 
should be as close to the weld as circum- 
stances permit. Usually the radiation is 
directed normally to the surface of the 
weld, but sometimes other beam direc- 
tions are necessary, e.g., in the detection 
of lack of fusion or in checking whether 
an image is due to a crack. In practice it 
is necessary to find the optimum distance 
between the source of radiation and the 
film by calculation. This must be related 
to the distance between the film and the 
farthest part of the weld, the effective 
geometric size of the source, and the 
permissible unsharpness, usually taken 
as 1/100 in. 


Film and Screens 


The X-ray film is coated on both sides 
with silver halide emulsion to ensure 
maximum speed and contrast in the 
image. To reduce the exposure time use 
has been made of the fluorescent effect 
which was mentioned earlier. Cards are 
coated with chemicals which glow when 
X-rays fall upon them (e.g., calcium 
tungstate) and the film is sandwiched 
between these screens for the exposure. 
By this means, the exposure may be re- 
duced as much as 50-100 times but defi- 
nition suffers. Today, only the finer 
grain type of fluorescent screens are 
tolerated for radiography and these are 
limited to radiography with X-rays. 

A much smaller reduction in exposure 
time can be achieved by sandwiching the 
film between thin sheets of lead for the 
exposure. The lead emits both photo- 
electrons and _ characteristic X-rays 
which assist in image formation. 

The exposure can be reduced to a half 
or third by this means and lead screens 
are generally preferred nowadays _ be- 
cause they do not produce any loss of 
image definition. The contrast of films 
varies with the image density and 
generally is higher, the higher the film 
density. 

Limits automatically arise due to the 
increase in exposure which ultimately 
becomes impracticable, and to the 
problem of viewing the higher film den- 
sities; consequently the following film 
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densities are generally recommended in 
BS.2600—‘‘General Recommendations 
for the Radiographic Examination of 
Fusion Welded Joints in thicknesses of 
Steel up to 2 inches.” 


Film|screen 


f Optimum Density Range for 
Combination 


Weld Image 





Fine-grain direct-type film, 2-0-3-0 for X-rays; not 
with lead screens less than 2:5 for 
gamma rays 





Ordinary direct-type film, 
with lead screens 1-5-3-0 





Screen-type with lead or 

salt screens 1-5-2-3 

The films are loaded into special con- 
tainers (X-ray cassettes) to ensure good 
contact between film and screens. 

The job is carefully marked out so 
that the position of every radiograph 
can be identified and penetrameters are 
placed on the weld to provide a measure 
of the sensitivity of the technique. The 
film in its cassette is then placed behind 
the weld and radiation passed through 
the weld. After the exposure, the film is 
processed in a way very similar to that 
used for developing black-and-white 
snapshots. This involves developing, 
rinsing, fixing and washing the film. 
Particular care is necessary in the 
developing stage because the concen- 
tration, temperature, and time make a 
great difference to the speed and con- 
trast obtained. Great care is essential to 
obtain optimum results, and to avoid 
adventitious images which may simulate 
the appearance of the images of weld 
defects. 


Fixing the Exposure 


So far it has been assumed that the 
correct exposure has been used for the 
job. The exposure depends on many 
factors, and it is necessary to use an 
exposure chart to determine the condi- 
tions. This may appear to be quite com- 
plex but it is not so difficult after some 
practice of its use. Essentially, the lowest 
kilovoltage which gives an exposure in 
a reasonable time is chosen. Somewhat 
similar charts, or calculators, are avail- 
able for gamma-ray exposures. 


Penetrameters 


These are used as a measure of check- 
ing the quality of the radiographic tech- 
nique used and do not give any indica- 
tion of the size of defect which may be 
detected. In fact, the International 
Institute of Welding term ‘Image 
Quality Indicator’ gives a better im- 
pression of their use. Various types are 
available, e.g., DIN, ASME, API and 
BWRA. Each has its merits and disad- 
vantages. 

The penetrameter is placed on the 
side of the specimen away from the film 
and the sensitivity figure is the ratio of 
the thinnest penetrameter element visible 
to the specimen thickness expressed as a 
percentage. In some instances, e.g., pipe 
welds, it is impossible to place the pene- 
trameter in the correct position and 
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some operators use it between the speci- 
men and the film. In this position, it 
gives no true indication of sensitivity. 


Localisation 


Sometimes it is necessary to know 
the position of the defect relative to one 
side of the plate. Various techniques of 
localisation are possible, namely (a) 
stereo radiography; (b) tube shift 
method with calculation; (c) tube shift 
method with lead markers and graph. 


Interpretation 


This means the identification of the 
causes of all the images in the radio- 
graph, on the basis of: (a) shape of 
image; (b) size of image; (c) position of 
image; (d) knowledge of the weld 
preparation. 

Images may arise from three causes: 
(a) surface marks on both faces of the 
weld; e.g., underflushing, undercut, and 
surface pitting; (b) internal defects in the 
weld; (c) fortuitous shadows, due to 
faults in exposure, film handling, and 
processing. 

Interpretation is the responsibility of 
the industrial radiologist who also 
devises the techniques for use by the 
industrial radiographer. Many firms 
employ an A.I.D. or Lloyd’s Register 
approved radiographer who does both 
jobs in a specified field. 


Reading the Radiograph 
Reading the radiograph demands 


close attention to detail. For instance, it - 


is bad practice to view the film by hold- 
ing it up to a lamp or to a window. It 
must be examined on a_ properly 
designed illuminator in a darkened 
room and the radiograph must be 
masked to avoid the eye being dazzled. 
The intensity of the illumination must, 
of course, be adequate for viewing the 
radiograph and high intensity illumin- 
ators are now available. 


Significance 
The significance of defects in service 


depend upon: (a) nature of defect; (b) 
size of defect; (c) position of defect; 
(d) service conditions. 

The first three items of information 
are provided by the radiologist but it is 
the responsibility of the surveyor or 
inspection engineer to determine the 
importance of the defect in the light of 
the service conditions. 


Information required for interpretation 


Effective interpretation depends on 
knowing (a) as much information as 
possible about the job being radio- 
graphed, e.g., for welds, the type of 
preparation; (b) the radiographic tech- 
nique used, in terms of films, screens, 
kV of X-rays or type of gamma-ray 
source, etc. 


Additional information which may be 
required 

Before the interpretation is complete, 
it may be necessary to obtain additional 
information from further radiographs; 
e.g., (1) a repeat radiograph because of 
fortuitous images; (2)arepeat radiograph 
using higher contrast fine-grain tech- 
nique to resolve the nature of image; (3) 
localisation to (a) facilitate interpreta- 
tion where this is in doubt, (5) help in 
assessing the importance of the defect in 
service, (c) decide from which side to 
cut out the defect. 


Limitations 


In interpretation it is essential to 
bear in mind the limitations of the 
method: e.g., (a) it cannot reveal defects 
of size below the minimum sensitivity of 
the method; (b) it will not reveal planar 
defects parallel to the surface of the 
weld; (c) it will not show locked-up 
stresses; and (d) it will not show changes 
in metallographic structure. Add to this 
the difficulty that some welds cannot be 
radiographed at all readily, e.g., nozzle 
welds. Pipe welds also present some 
problems and here it is often necessary 
to radiograph through both walls of the 
pipe. Sometimes, it is possible to radio- 
graph the whole of the weld by one ex- 





posure by placing the source at the axis 
of the tube. This may involve drilling a 
hole in the wall and subsequently 
plugging it. 


Significance of the Radiographic 
Findings 

Far too little is known about the effect 
in practice on the physical strength of 
materials of defects present within them 
Welds form perhaps the simplest case, 
yet here the information available is in- 
complete. It is known, however, that 
planar defects, for example, cracks and 
lack of fusion, tend to extend, particu- 
larly under cyclic loading. It is further 
appreciated that certain defects, for 
example, slag pockets, may also act as 
stress raisers and are therefore potential 
sources of fatigue failure. These criteria 
provide the justification for the form of 
the existing acceptance standards for 
Class 1 pressure vessels, as devised by 
the American Society of Mechanical 
Engineers. Briefly these may be sum- 
marised as follows: (1) porosity shall be 
judged acceptable or unacceptable by 
comparison with a standard set of radio- 
graphs; (2) any type of crack or zones of 
incomplete fusion shall render the sec- 
tion unacceptable; (3) elongated slag 
inclusions shall be unacceptable if the 
length of any such imperfection is 
greater than ¢/3, where ¢ is the thickness 
of the weld metal. In addition, if L is the 
length of any such imperfection then the 
separation between neighbouring slag 
inclusions shall be at least 6L. Finally, 
the total sum of the lengths of slag inclu- 
sions in a length 12¢ of weld shall not 
exceed f. 


Conclusions 


Despite the limitation mentioned, and 
the complexity and costs of radiography, 
it is now an accepted inspection method 
for welds. The reason is that radio- 
graphy provides a means of (1) checking 
the welder’s work; (2) ensuring that the 
weld quality reaches the desirable stand- 
ard; (3) checking the soundness of the 
welding technique used. 
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Stress Relief of Butt Welds in Rectangular 
Plates by Local Heating 


By B. Cotterell, B.SC.(ENG)., PH.D. 


It is possible to stress relieve a butt weld in a rectangular plate by heating a 
strip along the weld, provided that residual stresses after cooling higher than the 
hot yield stress can be tolerated. In particular, if a strip of width somewhat 
greater than that of the plate is heated uniformly, so that the maximum tem- 
perature reached is 650°C., the greatest possible residual stress at the centre 
will be of the order of half the cold yield stress. If the transverse stress at the 
end of the weld is important, as for example in a plate girder, the heated band 
width must be about twice the plate width so as to reduce the final residual stress 


to half the cold yield stress. 
Methods are given for calculating temperature distributions and thermal 
stresses for any symmetrical type of heating. 


Introduction 


steel, the entire plate is heated to a uniform tem- 

perature of about 650°C. and then allowed to cool 
gradually. After welding and before stress relief, the 
dominant residual stresses in a butt welded plate are 
of yield value in the direction of the weld—a typical 
distribution is shown in Fig. 10 of ref.(1). As the 
temperature rises the yield stress falls; the material 
then can no longer sustain its high residual stresses 
and the plate yields locally. Yielding continues until 
the maximum temperature is reached, when the largest 
stress present in the plate will be the yield stress 
corresponding to that temperature. If then the plate 
cools uniformly from this temperature the stresses will 
stay constant and the largest remaining residual stress 


I’ normal stress-relief treatment of a weld in mild 


——— “Yield stress for mild steel (ref 3) 
---— Uniform heating, stress along weld at centre of plate 


-——- Thermal stress ifs » Stress along weld at centre of plate 


~-—— Stress transverse to weld at centre of plote 
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A temperature of 150°C. is assumed to produces stress equal 
to the yield stress at 20°C. if the plate is constrained against 
expansion; i.e «ae 

ee 

1—Yield-stress/temperature diagram 


will be the hot yield stress. The change with tempera- 
ture of the stress in the direction of the weld at the 
centre of the plate is shown for a typical mild steel in 
Fig. 1, according to a simplified explanation, whereby 
multiaxial stress and creep are left out of account. 

The above treatment may be considered to be the 
ideal to relieve the welding stresses, but with a large 
structure the performance may entail building a 
furnace on the site. It is then desirable to investigate 
local heat treatment. This paper is concerned with 
local heating stress relief of butt welds in rectangular 
plates. 


List of symbols 

2a = Plate length 

a Coefficient of thermal expansion, per °C. 
an} Frequency terms 

Bm 

Plate width, ft 

Specific heat, joules per lb per °C. 

Plate thickness, ft 

Young’s modulus, Ib/sq.in. 

Heat transfer coefficient, watts per sq.ft. per °C. 
A subscript, referring to insulation 

Coefficient of thermal conductivity, watts per ft 
per °C. 

Heating bandwidth or half-wave length, ft 


iid idod tt 


I 


Heat flow parameter 


Laplace transform of time 
Heat flux, watts/sq.ft 
Density, lb/cu.ft 

Normal stress, |b/sq.in. 
Shear stress, lb/sq.in. 
Time, sec or hr 


tii tied 


I 


Non-dimensional time 
= Temperature above ambient, °C. 


Non-dimensional temperature 


Rectangular co-ordinates, ft 
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Stress/Temperature Relationship in 
Local Heating Stress Relief 


If a plate is heated locally there will generally be an 
associated thermal stress field. The only stress-free 
temperature distribution is harmonic, i.e. 
eT eT _o 


dx? | oy? 
The residual stress field is symmetrical and thus the 
local heating must be likewise to produce sensible 
stress relief. Examination of equation (1) shows that the 
stress-free temperature surface (apart from the trivial 
solution T=const.) can be pictured as a saddle, point- 
ing either in the x or y directions. Thus the temperature 
of the plate cannot be a maximum at the centre (where 
the residual stresses are greatest) if the plate is to be 
free of thermal stresses. A certain thermal stress level 
must, therefore, be tolerated. 

Returning to the yield stress/temperature diagram 
(Fig. 1) the effect of thermal stresses on stress relief 
may be seen. The largest residual stress is in the direc- 
tion of the weld at the centre of the plate. If this is the 
hottest point the thermal stresses in this region will be 
compressive; let it be assumed that the stress in the 
direction of the weld is —0-1 EaT. As the temperature 
rises, so the stress will fall linearly from the original 
residual value (assumed to be 0-95 yield) until the 
temperature reaches 180°C. when the plate will yield 
locally. This continues until the maximum tempera- 
ture is reached. If the plate then cools so that the 


temperature profile remains constant a thermal stress — 


of +-0-1 Ea(Tmax—T) will be induced and the final 
maximum residual stress will be 0-68 yield. In actual 
fact the final stress does not depend on any tempera- 
ture profile other than that at the maximum tempera- 
ture. It is the stress at that temperature minus the 
elastic thermal stress that would have been present if 
the plate had not yielded. 

Thus from this simple diagram it may be seen that 
a weld can be stress relieved by local heating provided 
that a final residual stress larger than the hot yield 
stress can be tolerated. 


Stress Relief by Heating a Central Strip 


The residual stresses in a butt welded rectangular 
plate are concentrated along the weld. Thus heating 
along a strip embracing the weld is the most suitable 
form of local heating. The effect of such a treatment 
will now be considered. 

A solution for the temperature distribution of a 
strip heated plate is given in Appendix I. The non- 

—— , 
dimensional temperature (7’=—T7) is shown to be 
0 
dependent on three parameters: 


(i) The heating bandwidth (-), 


hat 
(ii) A heat flow parameter A? a 


2h 
=f. 


(iii) A non dimensional temperature t’ —" 
pce 


In Rose’s analysis of cylindrical vessels® the loss 


w 
So 


o2s 
Convection transfer coefficient=0-I7! (3) 
of vertical surface (p,249, ref.6) 
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2—Heat transfer coefficient of insulation to air 
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3—Equilibrium temperature-heating over infinitesimal strip 
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4—Equilibrium temperature-uniform strip heating over central 
third 
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5—Equilibrium temperature-uniform strip heating over central 
two-thirds 
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heat from the surfaces is neglected, but if the heating 
time is appreciable this does become important. 

The overall heat transfer coefficient is obtained from 
knowledge of the thermal conductivity of the insula- 
tion and the loss of heat by radiation and convection. 


~ Ki 
at 


For a 650°C. stress ox" a practical minimum of 
insulation would be 2 in. (s i_.0. 15 watts/ft? deg C). 


The radiation and convection losses are illustrated in 
Fig. 2. However, for most practical cases this latter 
coefficient is greater than unity and large in comparison 


., Ki ; 
with ai Thus the overall heat transfer coefficient can 


be taken to be = 
di 


In Figs. 3-5 the equilibrium temperature distribu- 
tions are shown for three heating bandwidths and 
various degrees of insulation. The highest terms in the 
Fourier analysis obtain equilibrium first, and the 
effect of heating time can best be judged on the varia- 
tion of the ratio of the fundamental to the average 
temperature term: 


(7) (2) ry 
GY] 


An example of finite heating times is shown in Fig. 6. 

A method of calculating the elastic thermal stresses 
due to strip heating is given in Appendix II. In Fig. 7 
the thermal stress in direction of the weld at the 
centre of the plate is plotted for two values of the heat 
flow parameter A?=7? and A?= 107". If 0-5 cold yield 
stress is taken as the maximum allowable residual 
stress, then the maximum thermal stress must be less 
than 0-05 EaTmax. With this criterion it would appear 
from this diagram that the minimum heating band- 
width is 0-9 of the plate width (weld length). This 
diagram is drawn for the equilibrium temperature 
distribution, but for any reasonable heating times the 
same conclusions can be drawn. 

It is worth while to look now at the stresses along 
the weld in other directions. The residual stress trans- 
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6—Temperature rise-uniform strip heating over central third. Heat 
transfer parameter \*=7* 
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8—-Stress at centre of plate transverse to weld direction, plotted 
against heating band/plate width 


verse to the weld at the centre of the plate is tensile 
and of the order 0-1 yield stress. If it is assumed that 
the plate behaves elastically the compressive yield 
stress would be reached if the transverse thermal stress 
were greater than about 0-1 EaT7 (Fig. 1). Compressive 
yield in the transverse direction would mean that the 
final residual stress would be increased. To avoid this 
the thermal stress transverse to the weld at the centre 
must be less than about 0-1 EaT. In Fig. 8 this thermal 
stress has been plotted for the same two values of A? 
as before, and for the above criterion to be satisfied 
the heating bandwidth must be greater than about 
1-25, although a smaller bandwidth could be used 
without increasing the overall stress level. 

Another stress component to be examined is trans- 
verse to the weld at the edge of the plate. De Garmo’s? 
measurements on as-welded plates give a large com- 
pressive residual stress of the order of yield at this 
point, and it is seen from Fig. 9 that the local heating 
thermal stress is tensile at this point. This is a reversal 
of the stress pattern for the stress in the direction of 
the weld at the centre of the plate, and if it is required 
to reduce this component of residual stress by the same 
amount a band of about twice the plate width must 
be heated. However, this compressive residual stress 
at the plate edge may not be important. 
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9—Stress transverse to, and at edge of, weld, plotted against 
heating band plate width 


Conclusions 


It would appear that the width of the heating band 
for a given degree of stress relief is dependent primarily 
on the length of the weld. The degree of insulation and 
the heating time are of secondary importance. 

A summary of the maximum residual stresses that 
can be expected after stress relieving is shown in 
Table I. To reduce all the components of residual 
stress to about half the cold yield stress, it is necessary 
to heat a band of twice the plate width. However, 
except in the case of plate girders, the stress at the 
edge of the plate may not be very important, and a 
bandwidth as small as the plate width should reduce 
the stresses at the centre to half the cold yield stress. 
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Appendix I 


Temperature distribution for a strip-heated rectangular plate 


The problem now considered is to calculate the 
temperature of a rectangular plate of length 2a and 
width 24 heated uniformly over a band —L<x<L. 
The loss of heat from the surface (including that under 
the heated band) will be assumed to be proportional 
to its temperature and the heat transfer coefficient h 
the constant of proportionality. For relatively thin 
plates the temperature can be assumed constant 
throughout the thickness d and the heat lost through 
the edges assumed to be negligible. With these 
assumptions the temperature distribution is one- 


dimensional. The general equilibrium equation found 
by considering a small element of the plate is: 

eT —— 
Kd 4 —2hT + 2q= ped = 


where q is the heat flux on each side of the plate. This . 
equation can be made non-dimensional by the follow- 
ing substitutions: 


r-(br 


=(*), 
“a 
_2ha* 
Kd 


Lo -r (2) 
A? Ox”? qo 


To solve this equation, q is replaced by its correspond- 
ing Fourier series: 


; C) 
q= ao “) + > ancosa’mx’ 
m=1, 2,3 
2sina’n(=)qo 
a'm 


where a’m=mr and qmn= 


Substituting the general term for g in equation (3) 


ior « (22 2 ae 
rT) aa +> =) COSa mx =>" 


The Laplace’transform of this equation is 
1d?’ #4 Gm\COSa’ mx’ 
axe? @+)=-> (2). 


With the boundary condition 


dT’ 
ne at x=1 


Table I 


Maximum residual stresses after stress relief 
(Based on yield curve of Fig. 1) 





Residual stress as fraction of cold yield 
stress 
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COTTERELL: 
the solution is 
cosa’ mx’ 
nln) Ar) 
The inverse of this is 
cosa ‘aax’ 


r= Die) ee 


The average temperature term where m=o is 


p(y] exp.—(1+(* <2)’. .. @) 


(F)a —exp.—t?’). 


The case of the infinitesimal heating band must be 
considered separately, and if the heat input is Q, per 
unit width along the centre line the equilibrium 
temperature is 
A cosh A(i —x’) 

sinh A 


r-(Q)n 


Appendix II 


Thermal stress field for rectangular plate heated so that 
temperature is function of one coordinate only 
The temperature distribution can be expressed as a 
Fourier series 


T’= 


ioe) 
t 2am GOGGmX ccccccvceccccs (5) 
m=1, 2, 3 


T=ay 


where enn. 
For a relatively thin plate this problem is one of 

plane stress and reduces to the solution of (ref. 4, 

p. 425) 

4*@+ EaA4*T=0 


where dy? 


and 


From equation (6) it is seen that the average tempera- 
ture a, does not affect the stress distribution. Taking a 


Table II 


Stress in direction of weld at centre of plate due to an edge stress 
oy =COSay,X 





Ratio 

a 

(2) 1 7 

0-5 0-024 0 
0-466 —0-012 0 
0-847 0 
0-960 0 

0-994 


0: 846 0: 0-053 0-027 
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single term from the rest of the Fourier expansion, 
one particular integral of equation (6) is 


ox=0, 
oy= —Eaamcosamx, 
Txy=0. 


This distribution satisfies the free edge condition along 
x=-La, but along y=-+5 there exists the stress oy. 

Thus the stress distribution arising from the tempera- 
ture term is a stress. 


oy = —Eaamcosamx, 


plus the stress distribution of a free rectangular plate 
loaded along y= -+Lb by the stress 


oy= + Eaamcosamx. 


It is convenient to consider this as a separate problem. 
The edge load is self-equilibriating and if the plate is 
long in the y direction, it will have no effect along 
x=0 (St. Venant’s principle). At the other extreme, 
if the plate is long in the x direction and m small the 
load will be transmitted straight through the plate 
with negligible alteration. Now the case between these 
extremes is considered. One solution of the biharmonic 
equation (4?7=0 in equation (6)) is 


®=(C,coshamy+ C,amysinhamy 
-+ Cysinhamy+ C,amycoshamy) COSamx. 


As this problem is symmetrical, C;=C,=—0, and if 
the edges are made free of shear, the corresponding 
stress distribution can be written as 


h , 
Oz=Am [cothamb( 1 —ambcothamb) soso 


sinhamy 
+amy ees | COSamx 
coshamy 
2y=An| cothanb( tend cotheut) chenb 
sinhamy 


: coSamx 
™ sinhamb ‘ 


coshamy 
™ coshamb 


sinhamy 


Txy= —Amcothamb [2m sinhamb 


sinamx. 


Thus, at the edges, y= +b 
ey=An{cothamb(1 —ambcothamb)+ amb] cosamx .. (9) 


This can be matched to the edge load. However, there 
is still a stress on edges x= -La. 


coshamy 


—— —amb cothamb) oa 


amy 


y Smo | (—1 = 
sinhamb 


To neutralise this stress we need a distribution that 
gives an equal and opposite stress along this edge. 
This distribution comes from an alternative solution 
to the biharmonic equation 


®=[C,coshBnx + C,Bnx sinhBnx 
+C,sinhBnx+ C,Bnx coshBnx] cosBny 


where 8,,= and which gives similar stresses to 


nvr 
Db b 
equation (8). Before it is possible to match the edge 
stress on x=-La, equation (10) must be expressed as 
a Fourier series. 
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Table III 
Stress transverse to weld at centre of plate due to an edge stress o,=cosa,,x 





—0-020 





Table IV 


Stress transverse to and at edge of weld due to an edge stress 
oy = COSay,X 





Ratio 
(7) 


0:5 





’ 4Amam*Bn® 
: LZ, amb(am? Bn®)* 
n 
It is then necessary to take a series of our second 
solution so as to match the edge stress on x= +0, 


and thus 


1y™(—1)" cosBay .... (11) 


ox=2B"{cothBna(1 —Bna cothBna)-+ Baa] cosBny .. (12) 

n 
With this approximation an unbalanced edge stress 
on y=-+b remains and the process may be repeated. 
It is found that convergence is rapid and in Tables II, 
IIl, and IV the stresses at the centre and at the edge 
of the weld are tabulated for any edge load of the form 


o=COSam*. 


The stress at the centre of the weld is plotted against 
the ratio of the half wave length to plate thickness in 
Fig. 10. There is little difference between the curves for 
the different frequencies in edge load. 
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10—Stresses at centre of plate produced by edge stress. 
o=o,COS mmx on y= +b 


To use these table to calculate the thermal stresses 
the temperature must first be expressed as Fourier 
series (equation (5)). Considering the stress in the 
direction of the weld at the centre there is from 
equation (7) a stress 

oy = —Ea(Tmax —o) 

To this must be added the sum of the products of 
Eadm and the values of the stress at the centre for the 
particular value of m (given in Table II). These pro- 
ducts converge rapidly to give the complete correction 
for the edge load. The process is similar for the other 
two stresses, although here there is no contribution 
from the particular integral, equation (7). 
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Strength of Rim Reinforcements 
for Manholes in Welded Storage Tanks 


Reinforcement of circular manholes in storage tanks by means of a tubular 
rim, without a doubler plate, is shown to be feasible and tentative design curves 
for rim dimensions have been prepared. The rims are considered equal in safety 
to traditional plate reinforcements and contain as little as one-fifth of the 
material, whilst requiring much less welding. Following a full-scale test of a con- 
ventionally reinforced opening in curved plate loaded by water pressure, from 
which it was deduced that the problem was predominantly that of a pierced 
flat plate in tension, symmetrical and one-sided rims have been tested in quarter- 
scale flat models to determine stress distribution and resistance to yield and 
fracture. A method of calculating the stresses has been developed. Designs 
have been prepared on the basis of a limitation of maximum direct circum- 
ferential stress in the rim, following a discussion of possible causes of failure. 


By R. T. Rose, PH.D., 


A.M.I.MECH.E. 


forced by means of doubler plates which 

provide locally thickened regions where the 
manhole openings are situated. Standard reinforce- 
ments are proportioned so that the area of a cross- 
section taken through the manhole is not less than 
that of the same section before the opening was cut 
and the doubler plate attached. This ensures that the 
mean tank hoop stress is unchanged by the presence 
of the manhole, but does not take account of the 
stress concentrations which are known to exist at 
reinforced manholes. 

These high stresses are present in small volumes of 
the material when the tank is subjected to normal 
loads. Under a severe overload, the ductility of mild 
steel would result in a redistribution of stress, and 
ductile failure would not be expected until the mean 
stress had reached a value approximating the U.T.S. 
Since an overload of this magnitude is a remote 
possibility in a storage tank, no risk would be in- 
volved if the requirement of an unchanged cross- 
sectional area at the manhole were relaxed. Instead, 
closer attention would be paid to the magnitude and 
effect of those stresses which act during normal 
service. This would open the way to the use of lighter 
reinforcements, with attendant savings in costs. 

It has already been shown in a test! on a flat plate 
model that, if the doubler plate is omitted and the 
light manhole neck is fitted through the plate so as 
to protrude at both plate surfaces (symmetrical rim), 
no greater stresses occur than in the standard designs 
of reinforcement. This is due to the concentration of 
material at the periphery of the hole in the rim 
type of reinforcement. When this model was later 
subjected to overloads, its resistance to general yield- 
ing was found to equal that of a model carrying a 
doubler plate reinforcement, although, as expected, it 
sustained a smaller ultimate load. 


Miiorees in storage tanks are currently rein- 


Where the internal protrusion of the manhole rim 
would not be acceptable, the rim must be finished 
flush at the inner surface (asymmetrical rim). It is 
now shown that such rims can achieve an adequate 
performance, both as regards stress distribution and 
resistance to general yielding. For both types of rim, 
methods of calculating the stresses have been devel- 
oped, and these allow design curves to be prepared 
for a range of manhole diameters and plate thick- 
nesses. 

The calculations are supported by test results. Use 
has been made of the technique of testing manholes 
cut in flat plate, to one-quarter scale, and loaded in 
tension in a universal testing machine, which was 
shown! to furnish stress values close to those measured 
on a full-size manhole set in a curved plate. 


Experimental Work 


The earlier paper! reported the results of stress and 
overload measurements on the first three specimens 
(Nos. 1, 2 and 3) which were, respectively, a full-size 
manhole in curved plate with standard octagonal 
reinforcing plate, loaded by normal water pressure, 
a quarter-scale model of the same manhole in flat 
plate, and a quarter-scale model of a manhole rein- 
forced solely by a protruding neck, both loaded in 
tension. Three more quarter-scale specimens have 
now been tested, each being fitted with a one-sided 
rim, without the addition of a reinforcing pad. The 
object of these tests was to measure the performance 
of this type of rim when subjected to static overload, 
and also to measure the variation in maximum elastic 
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stress when the rim thickness and height were modi- 
fied. The general arrangement of a test specimen is 
shown in Fig. 1 and was designed to produce a uni- 
form stress field in the test plate when loaded in a 
universal testing machine. Specimen No. 4 was sub- 
jected to overload tests, whilst specimens Nos. 5 and 
6 were used for stress measurements, being tested 
several times following progressive modification of 
the rim dimensions. No. 5 was tested in the two forms 
(SA and 5B) shown in Fig. 2, and No.6 in the six 
forms (6A, B, C, D, E and F) shown in Fig. 3. No. 4 
had the identical dimensions of No. 6D which, of 
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4—Longitudinal extension, Specimen No.4 


course, could not itself be subjected to destructive 
testing. 

The rims were set into the test plates and welded 
with partial penetration on the flush side. A } in. fillet 
weld was made on the protruding side. It was not 
considered that the actual weld detail would be a 
critical factor in either the overload test or elastic 
stress measurements. Progressive modifications of the 
rim dimensions were made by machining, and a 
fillet radius of approximately } in. was machined at 
the protruding side when the outside diameter of the 
rim was reduced. The same strain gauges were used 
throughout the testing of each of specimens 5 and 6, 
except that for 6 additional gauges 2a and 3a were 
attached on the plate near the rim when it was 
reduced to the dimensions of 6C. The disposition of 
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the strain gauges (0-25 in. gauge length) is shown in 
Figs. 2 and 3. 

The method of testing, including initial over-strain- 
ing to remove buckles introduced in fabrication, was 
substantially as described for quarter-scale models in 
the earlier paper. The strain gauges indicated that 
local yielding at regions of high stress was taking 
place during the initial application of load. This local 
yielding would be affected by the presence of residual 
stresses (the specimens were not stress relieved after 
manufacture) and therefore the strain readings on 
initial loading were not considered to be significant. 
On subsequent loadings the strain/load curves for all 
gauges were found to be linear and repeatable, and 
would be expected to have the same slope had the 
specimen remained elastic throughout. The gauge 
indications of elastic stress ranges greater than the 
yield point of the virgin material are attributed to 
the establishment of a favourable and ordered residual 
stress system following the initial yielding. 


Results 

Overload test 

The initial overstraining and test to failure of speci- 
men 4 is shown in the load extension graph, Fig. 4. 
The load is the total load applied to the specimen, and 
the extension is the relative displacement of the end 
fittings. Loading was continued until the test plate 
began to fail at a maximum load of 303,300 lb. The 
fracture started as a small crack transverse to the weld 
on the axis of the opening perpendicular to the direc- 
tion of tension. This was first observed on the side 
on which the tube was flush with the test plate; it soon 
spread into the tube and the test plate. Straining was 
stopped before the specimen was completely frac- 
tured. The fracture was fully ductile. 

The mechanical properties of the material of the 
test plate were determined by means of flat tensile 


Table I 
Mechanical Properties of Plate Material Specimen No. 4 





Yield Point, tons/sq.in. 2 
Ultimate Strength, tons/sq.in. 24-9 
Reduction in Area, % 

Elongation, on 4A, % 41 





Table I 


Stress concentration and load factors 





Max. Stress 
Concen- 
tration 
Factor 


1-85 


Yield Ultimate 
Load Load 
Factor Factor 


0:74 _ 


Specimen 


. Full-size 
plate-reinforced 

. }-scale 1-9 
plate-reinforced 

. }-scale 1-8 
symmetrical rim 

. }-scale 2: 
asymmetrical rim 


0-76 0-96 


0-75 0-83 


0-82 0-92 





Table III 


Stresses in Specimens 5A and 5B 
(Load 100,000 Ib; Reference Stress 6-0 tons/sq.in.) 





Specimen No. 5A SB 
Stresses in plate, 
tons/sq.in. 


Station 2 
3 





Trans. 
4-89 
1-65 
1-02 

—3-59 


Long. 
9-65 
11-3 
6°51 
6 —4-66 


Trans. 
5-54 
1-18 
0-29 

—3-20 





Stresses in Rim, 
tons/sq.in. Axial 
2-02 
2-96 
—1-52 


Hoop 
17-5 
16°8 

—5-95 


Axial 
1-28 


2-20 


1 check 
4 —0-84 





Max. stress 

(av. 1 and 1 check) 
Measured max. SCF 
Calculated SCF 


17-14 
2-86 
2-65 


17-06 
2-85 
2-84 





specimens. The average values obtained from three 
specimens are shown in Table I. Comparisons between 
reinforcement designs have been made previously! 
on the basis of load at general yield, and maximum 
load sustained. To make allowance for the varying 
mechanical properties of the materials used for the 
test plates, these two loads have been expressed as 
load factors. These are the load, either for general 
yielding or for fracture of the test specimen, divided 
by the load which would be required for yielding or 
fracture of an unpierced plate of the same material. 
For the present specimen the yield load factor is 
0-82 and the ultimate load factor 0-92. These figures 
are shown in Table II, together with the corresponding 
ones from the previous specimens. 


Stresses 


From the slopes of the best straight lines drawn on 
load/strain graphs, the stresses at a total load of 100,000 
lb have been deduced for each gauge station, using the 
usual stress/strain relationships for a biaxial stress field. 
These stresses are shown in Table III (SA and B) 
and Table IV (6A, etc.). The reference stress shown at 
the top of each table is the mean stress acting on the 
gross cross-section of the test plate clear of the man- 
hole, and it is on this that stress concentration factors 
are based. The latter are shown near the foot of each 
table and represent the maximum measured stress 
divided by the reference stress. Theoretical stress 
concentration factors are also tabulated. 


Theoretical Stress Analysis 
General 


In a storage tank the plates are subjected to lateral 
loading due to the hydrostatic pressure head, which is 
resisted by hoop membrane stresses in the plates. 
Longitudinal (i.e., vertical in a tank) stresses are 
negligible, so that the plates are effectively subjected 
to simple uniaxial tension loading. However, when 
there is an opening in the tank plates, it is clear that 
the pressure end-load on the cover plate must be 
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Table [V—Stresses in Specimens 6A, B, C, D, E and F 
(Load 100,000 Ib; Reference Stress 7-2 tons/sq.in.) 






















j Specimen No. 6A 6B 6C 

} Stresses in plate, 

) tons/sq.in. Long. Trans. Long. Trans. Long. Trans. Long. Trans. Long. Trans. Long. Trans. 

Station 2 3-68 1-10 8-55 2-56 10-7 4-70 10-6 4-25 11-0 5-19 11-40 5-87 

2 check 9-85 3-99 11-1 4-22 11-7 4-99 12-3 5-75 

i 2a 11-6 3-85 11-4 3-42 11-6 3-48 11-5 4-34 
2a check 12-1 5-07 12-2 4-69 12-6 4-90 12-9 6-10 
3 960 2-88 10-9 3-28 11-3 1-77 11-3 1-59 12-1 1-67 12-5 0-80 
3 check 10-8 1-46 11-2 1-46 11-9 1-25 12-3 0-67 
3a 10-3 1-41 14-2 1-97 15-1 1-87 16-2 0-95 
3a check 14-0 1-84 14-5 1-67 15-2 1-29 15-6 0-21 
5 4-40 5-21 0-63 4:25 0-23 4:14 —0-10 3-99 —0-08 3-62 —0-36 

i 6 2-53 2:88 —2-90 1-31 —1-89 —1-38 —2-20 —1-12 —1-95 —1-65  —2-37 








Stresses in rim, 









i tons/sq.in. Hoop Axial Hoop Axial Hoop Axial Hoop Axial Hoop’ Axial Hoop Axial 
: l 13-7 0:16 160 0-62 176 0:95 18-1 0-82 18-8 0-57 19-3 —0-47 
i 1 check 14-6 0-82 163 0-80 8183 0:99 18-1 0-66 19-0 0-45 19-1 —0-61 
4 4-80 0:37 5-81 0-55 5-79 —0-39 -—6:22 -—069 -6:36 -—0-39 -—7-07 0-00 








i Max. stress 
i (av. 1 and 1 check) 14- 








i 15 16-15 17-95 18-10 18-90 19-20 
i Measured max. SCF 1-97 2:24 2-49 2°51 2-62 2-66 
| Calculated SCF 2-14 2:28 2-50 2:50 2-67 2-78 

















transmitted to the plates by shear forces at the 
: periphery of the hole. Therefore, besides the major 
i disturbance of the membrane forces in the plate due 
to the presence of the hole, there is a secondary 
bending of the plates due to these shear forces. 

This secondary effect is small, however, when the 










strated’ when the stresses measured at a manhole set 
in a curved plate under pressure loading were com- 
pared with those measured at a geometrically similar 
manhole to one-quarter scale set in a flat plate and 
loaded in uniaxial tension. The two sets of measure- 
ments were in close agreement. It is concluded there- 
fore that it is justifiable to analyse the problem as 
though the tank plates were flat, and loaded at sections 
remote from the manhole in uniform uniaxial tension 
equal to the nominal hoop tension in the tank. 















Plane stress solution 

Such a problem has been treated by several writers, 
but Beskin’s results? will be taken as a convenient basis 
for the present analysis. In common with all the other 







and ‘ring’ reinforcements respectively. In fact the 
rim is simply the limiting case of the ring when the 
width of the ring approaches zero. In the rim, Beskin 












assumed that hoop stresses were uniformly distributed 
on any cross-section, and derived a solution for the 
maximum hoop stress in terms of the cross-sectional 
area of the rim expressed as a ratio to the cross-section 
of material removed from the hole. The latter ratio is 


_ termed the replacement factor y. (A list of symbols is 


4 diameter of the opening is small in comparison with given in Appendix 1). The maximum hoop stress in 
i the radius of curvature of the tank. the rim is expressed conveniently as a stress concen- 
ic That this bending may be neglected was demon- tration factor j by dividing by the nominal stress 


applied to the plate, and is shown plotted against y 
in the lower curve of Fig. 5. 

In the ring solution, it is found that there is a 
gradient of hoop stress in the ring reinforcement, with 
the hoop stress rising to a maximum at the bore of 
the hole. Beskin defined the dimensions of the ring 
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writers, he assumed a state of plane stress for the = 20 
plate and its reinforcement, i.e., that all points on any > rr 
plane normal to the plate, passing through plate or = 
reinforcement, were subject to the same stresses. This = 
assumption implies that the reinforcement is sym- ys 
metrical with respect to the plate and also that it < . 
, S wr, A ~ 10 
extends only short distances from the plate surfaces. o 10 
Clearly this is not so for rim reinforcements, in which bs | 
axial bending of the tubular rim reduces the effective- wd 0. T R y= A 
ness of the reinforcement at points further from the B + | Lt: rT 
plate surfaces. This will be discussed later. ——R 
Beskin considered two types of reinforcement, the 0 | | | | 
tubular rim and the flat circular pad, termed ‘rim’ 0 02 04 06 O08 (10 


REPLACEMENT FACTOR, y 


5—Effect of rim thickness on stress-concentration factor 
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in two ratios: that of the outer to inner radii (x equal 
to R1/R) and that of the total thickness at the rein- 
forcement to the plate thickness z. The results of his 
analysis have more direct use here if the replacement 
factor is introduced and z omitted. This is easily done 
by the method given in Appendix II, and the maximum 
hoop stress concentration factor can be deduced for 
any chosen value of x and a range of y. Figure 5 
includes curves of stress concentration factor for 
ratios of the outer to inner radii up to 1-6. It can be 
seen that the presence of a hoop stress gradient 
through the rim results in higher stresses when y is 
held constant and the rim made thicker. Furthermore, 
the simple rim solution is seen to be entirely hypotheti- 
cal as R'/R is always greater than 1-0. It should be 
noted that although the definition of the replacement 
factor is arbitrary, and includes half the cross-section 
of the plate that lies within the rim, it must be adhered 
to if the graph is to retain its consistency. 

Besides the hoop stress in the rim, it will be neces- 
sary to know the stress acting radially to the 
manhole at the rim—plate junction. For rim rein- 
forcements this has a maximum value of y times the 
maximum hoop stress, and since the replacement 
factor will in general be considerably less than 1-0 
(about 0-25 in the designs presented in this report) 
the radial stress is of little importance. 


Effective height 


Owing to axial bending, the effective cross-sectional 
area of a rim reinforcement is less than its actual 
area. Moreover, it is clear that additions to the 
height of a rim above some limiting value can result 


in no greater effectiveness of the rim as a reinforce- 
ment. Therefore to assist design, it is necessary to 
deduce a relationship between the effectiveness of the 
rim and its height for symmetrical rims (protruding 
both sides of the plate) and for asymmetrical rims 
(protruding only on one side). In the former, the 
rim is subjected to radial loads around a circum- 
ference at the centre of its length, whilst in the latter 
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the radial loads act at one end. The radial loads occur 
at the plate-rim junction and are not uniform around 
the rim periphery. However, an estimate of rim 
effectiveness based on the assumption of uniform 
radial loading is not likely to lead to serious errors 
in calculating the stresses, this reasoning being 
verified in the comparison with experimental measure- 
ments given later. 

The concept of the effective height of a rim is a 
convenient quantity in determining the effectiveness 
of a rim reinforcement. This is the height of an 
idealised rim which is assumed to suffer no bending, 
and which deflects uniformly, when subjected to 
radial loads, by an amount equal to the actual radial 
deflection of the real rim at its junction with the plate 
due to the same radial loads. The effective height when 
multiplied by the rim thickness gives the effective 
area of the rim. The height of the idealised rim is 
calculated simply by equating the stiffnesses under 
radial forces of the real and idealised rims, and this 
is shown in detail in Appendix III. Because the 
maximum hoop stress in the rim is dependent on its 
radial deflection at the rim-plate junction, the uniform 
stress in the idealised rim would equal the maximum 
stress in the real rim. This stress may be taken from 
Beskin’s results (Fig. 5) using the replacement factor 
based on effective area and the actual ratio of the 
outer to inner radii. 

To determine the stiffness (to radial forces) of short 
tubular rims it has been necessary to modify the well- 
known expressions applicable to infinitely long cylin- 
drical shells. The resultant expressions are plotted 
in Fig. 6 in terms of the factors a,, a, and ag, and their 
derivation is given in Appendix III. The abscissa is 
the actual axial length L of the tube expressed as a 
ratio to the quantity h*, (hA*=4/rt/2n with r and ¢ the 
mean radius and thickness of the rim respectively, 
and n is an elastic constant, approx. 1-28 for steel). 
When the rim has a length of about 5h*, the three 
parameters are all close to unity, their limiting value. 

Making use of these parameters, the effective height 
h (at each side of the plate) of a symmetrical rim is: 


h=h* (2a, az*)/(2a,2—a,a3) 


In deriving this equation it has been assumed that 
each half of the rim is built in on its respective side 
of the plate, and therefore both the actual height 
L and effective height / are measured from the plate 
surfaces. 

The ratio h/h* is plotted against L/h* in Fig. 7, and 
it will be seen that the effective height is close to its 
limiting value of 2h* when the actual height is 3h*. 
In view of the approximate nature of the calculation, 
it is considered that the symmetrical rim achieves its 
maximum effectiveness when its actual height (on 
each side of the plate) is equal to or greater than 3/*, 
and its effective height (again on each side of the 
plate) may then be taken as 2h*. Accordingly, the 
(total) effective area of a symmetrical rim reinforce- 
ment is: 

A=4h*t+ }tT 


provided that L>3h* 


in which the second term accounts for the reinforce- 
ment area within the plate thickness. 
The analysis of the asymmetrical rim is more 
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7—Effective height of symmetrical rim 





complex owing to bending of the plate. The plate 
resists the tendency of rim generators to rotate, and 
therefore influences the effectiveness of the rim. Its 
effective height is given by: 

h=h* {2a,a,*(1 + kas)}/{2a,*(1+ka,)—a,a;} .... (3) 


where k={n/(l1-v)}(t/T). rit 


in which v is Poisson’s ratio and Tis the plate thickness. 
In this case, it has been assumed that the rim com- 
mences at the middle surface of the plate, so that 
h and L are measured from this point for a one-sided 
rim instead of the plate surface. The variation of 
effective height with actual height is plotted for 
two rim designs in Fig. 8, where it will be seen that 
the effective height reaches its maximum when the 
actual height is about 5h*. For this value of L/h*, 
a,, @, and a, approach unity, so that the maximum 
effective height can be written: 


h=h*. 2(1+k)/(1+-2k) 
provided that L> Sh* 


The influence of the plate bending stiffness on the 
effective height is given by equation (4), and is plotted 
in Fig. 9 against the ratio of rim to plate thicknesses, 
with the ratio of rim radius to thickness as parameter. 
The figure shows that when the rim is thicker than the 
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8—Calculated variation of effective height h with actual height 
L for asymmetrical rims 











plate (as will usually be the case in asymmetric des- 
igns) the plate has very little influence on the effective 
height, which assumes its limiting value of h*. Gener- 
ally, therefore, the effective area of an asymmetric 
rim can be taken as: 


provided that L>5h* 

and t>T 

No second term is included in the case of the asym- 
metric rim because it is assumed in the calculation 
that the rim proper commences at the middle plane of 
the plate. A more complex expression would result if 
the rim were assumed to start at the plate surface, 
although the final numerical value of effective area 
should be unchanged. 


Bending stresses 

The direct maximum hoop stress (occurring at the 
bore of the rim at points on the centre line drawn 
transverse to the direction of the applied tension) may 
be read from Fig. 5, using the effective area of the 
reinforcement. Additionally, bending stresses are 
present, which have to be calculated separately (Ap- 
pendix IV). 

If the rim is symmetrical, the bending is confined 
entirely to the rim. Where the rim joins the plate, a 
bending moment longitudinal to the rim axis acts to 
prevent rotation of the rim generators. Its value is 
simply related to the radial deflection of the rim, and 
therefore to the maximum hoop direct stress in the 
rim. The value of the resultant longitudinal bending 
stress is 1-82 times the maximum hoop direct stress, 
irrespective of the rim dimensions, and is tensile on 
the outer surfaces of the rim. In the circumferential 
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direction a bending stress of the same sign appears, 
equal to 1-82v, or 0-55, in the same terms. This tends 
to reduce the maximum hoop stress at the rim bore, 
whilst increasing the hoop stress at the fillet weld 
between rim and plate. 

For the asymmetrical rim, the longitudinal bending 
moment in the rim is small and gives rise to relatively 
unimportant bending stresses. However, the moment 
in this case also acts on the plate, and whilst the 
bending stresses themselves are minor, in the circum- 
ferential direction they represent an addition to the 
rim hoop stress on the side of the plate at which the 
rim is finished flush. The addition to the stress con- 
centration factor is given by: 


j$1-27(T/t) yj 


where j is the direct hoop stress concentration factor 
from Fig. 5 and it is assumed that the rim height is 
at least 5h*. Since the rim thickness is greater than 
the plate thickness in practical designs, and the 
replacement factor is less than unity, it can be seen 
that the bending stress is a small fraction of the 
direct stress. In the designs suggested later, its value 
is about 15% of the direct stress. 


Comparison of Experimental and Theoretical Stresses 
Asymmetrical rims 


Calculated stress concentration factors are shown 
for comparison with the maximum measured value 
in Tables III and IV. The more detailed expressions 
have been used for the calculations in those cases where 
the actual rim height was less than that for maximum 
effectiveness (SA and B, 6E and F). 

In designing the specimens 6A, B and C, the actual 
heights of the rims were chosen equal to or greater 
than 5h* (i.e., the theoretical length above which 
an increase would not cause any further reduction in 
stress), whilst the thickness of the rim was varied 
from about 2-4 times the plate thickness in 6A to 
1-2 times in 6C. The results are plotted in terms of 
stress concentration factor in Fig. 10a, together with 
a theoretical curve for a manhole having a bore 
radius of 12 plate thicknesses, which approximates 
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to these test specimens. Agreement between cal- 
culation and measurement is good, and the graph 
shows that large increases in rim thickness produce 
small reductions in maximum stress. 

Specimens 6C, D, E, and F form a series in which 
the thickness of the rim is constant, whilst the height 
of the rim is decreased from about 6-6h* for specimen 
6C to about 1-4h* for 6F. The measured stress 
concentration factors are plotted in Fig. 10b together 
with a theoretical curve, again with good agreement. 


Symmetrical rim 

A further comparison can be made in the case of 
a rim protruding on both sides of the plate, using the 
experimental result given earlier’ (specimen 3). The 
rim had a thickness of 0-156 in., mean radius 3-08 in. 
and the plate thickness was 0-25 in. It protruded 
distances of 1-0 in. and 1-75 in. on opposite sides of the 
plate, corresponding to actual heights of 3-7h* and 
6:-5h*, so that the rim achieved its maximum effective- 
ness. The effective area of the reinforcement may be 
calculated therefore from equation (2), and the 
replacement factor is found to be 0-244. The ratio of 
the outer to inner radius of the rim was 1-05, so that 
the stress concentration factor according to Fig. 5 
is 2-05. The maximum stress measured acted circum- 
ferentially to the bore of the rim, at a point in the 
middle plane of the plate on the centre line of the 
manhole transverse to the direction of the applied 
load. It had a value 1-8 times the nominal stress in the 
plate. 


Design of Rim Reinforcements 

Design criteria 

The traditional design of manhole reinforcement, 
using a doubler plate, has as its basis the full replace- 
ment of plate cross-section cut from the hole, so that 
sections taken through the manhole and elsewhere 
have the same net area. This ensures that the plate 
with reinforced manhole has an ultimate strength 
under static overload very similar to that of an 
unpierced plate, as shown by the test on specimen 2 
which gave an ultimate load factor of 0-96 (Table II). 
The two rim reinforced specimens 3 and 4 gave values 
of 0-83 and 0-92 and were therefore slightly weaker 
in this respect than the plate reinforced designs. 
However, it is questioned whether this is a valid 
criterion in the design of a storage tank, for which 
it is difficult to envisage the occurrence of an over- 
load of sufficient magnitude to cause ductile fracture. 
It is also unlikely that loads great enough to cause 
general yielding would ever occur, although the 
tests show (Table II) that the nominal applied stress 
for general yielding of the protruding rim design would 
be the same as for the doubler plate design, whilst 
the one-sided rim reinforcement was actually some- 
what stronger. Rim reinforcements, therefore, should 
be as satisfactory in service in respect of static over- 
load as have been the traditional designs. 

Nevertheless the possession of a certain resistance 
to general yielding is not necessarily a safeguard 
against other forms of failure more relevant to the 
service conditions of a storage tank. Thus, without 
the occurrence of any overload, unserviceability 
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could be brought about by fatigue cracking, stress 
corrosion, excessive deformation at the manhole 
cover joint, or brittle fracture. With the exception of 
the last contingency, these are all dependent on the 
local stress distribution at the manhole. 

It is known that, without reinforcement, the stress 
concentration factor at a manhole opening would 
have a maximum value of 3-0, and there is ample 
evidence to support the assertion that more than 
10° loading cycles would be necessary to cause fatigue 
cracking in mild steel at such an unreinforced open- 
ing, assuming present-day design stress values. 
Since the number of loading cycles due to filling and 
emptying would be a very small fraction of 10°, 
fatigue failure is not a possibility. Again, the danger of 
failure due to stress corrosion in mild steel is largely 
eliminatéd if excessive plastic straining is avoided, 
and this is ensured for the type of stress concentration 
existing at a manhole if the peak stress range is limited 
to a value of twice the yield point. Because design 
stresses are currently not more than two-thirds of the 
yield point, it is clear that there would be little 
likelihood of stress corrosion at even unreinforced 
manholes. 

The possibility that deformation at the gasket 
seating faces could result in leakage at the manhole 
cover, can be easily eliminated by the provision of a 
light manhole neck protruding at the outer surface 
of the tank. Such a neck would provide a jointing 
face suffering only negligible deformation. 

Brittle fracture occurs at low applied stress levels 
and is initiated at a weld flaw or some other local 
defect. Its occurrence is not sensitive to the value of 
stress concentration factor at an opening, within the 
range of values now being discussed, but must be 
avoided by the elimination of weld flaws or the use 
of a material not brittle at the operating temperature 
of the tank. 

It appears, therefore, that the presence of stress 
concentrations of the order of 3-0 times the nominal 
stress would not endanger the serviceability of a 
Storage tank. This conclusion is supported by ex- 
perience with pressure vessels, which records cases 
of long and satisfactory service performed by vessels 
containing details subject to stress concentrations 
considerably greater than 3-0. Whilst this further 
affirms the improbability of fatigue crack formation, 
the risk that a fatigue crack might become the point 
of initiation of a brittle fracture in a non-stress- 
relieved structure such as a storage tank is often a 
matter for concern. It is worth mentioning that of 
brittle fractures occurring in ships, which are not 
stress-relieved and suffer far more arduous loading 
than storage tanks, none has apparently been attri- 
buted to the presence of a prior fatigue crack. 

From the foregoing discussion of service contin- 
gencies, it is concluded that a rational basis for the 
design of rim reinforcements would be a limitation of 
the maximum direct circumferential stress concen- 
tration factor acting in the rim. At the same time the 
presence of the more highly localised bending stresses 
in the symmetrical rim design should receive some 
acknowledgment, and it is suggested that a lower value 
of direct stress concentration factor be adopted for 
this case. The values proposed are, therefore, 2-0 for 
symmetrical and 2-5 for one-sided rims. These are 
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also the approximate values measured in specimens 
3 and 4, which showed a satisfactory resistance to 
general yielding when subjected to excessive loads 
(Table II). 


Design Dimensions 
Symmetrical rims 
The direct hoop stress concentration factor is to 
be limited to 2-0, and it is assumed that the rim height 
is at least 3h* (or 1-17 4/rt) on each side of the plate. 


The replacement factor may then be calculated from 
equation (2) giving 


y=(2t/nT) V t/r+(t/2r) 


If the replacement factor is made equal to 0-2, the 
lower curve of Fig. 5 indicates that the stress con- 
centration factor has a value of 2-0. The dimensions 
shown in Fig. 11 have been calculated from this 
formula with y 0-2. It can be seen that the rim thick- 
ness is never more than 6% of the mean rim radius, 
so that the use of the lower curve R’/R=1-0 in Fig. 5 
is justified. 


Asymmetrical rims 

The direct hoop stress concentration factor is to 
be limited to 2-5, and it is assumed that the rim height 
is at least Sh* (or 1-954/rt). It is not possible to choose 
a single value of replacement factor y in this case, 
because the rim thickness is greater than that for 
symmetrical rims so that R’/R is appreciably greater 
than 1-0. Instead it has been necessary to assume 
constant values of manhole-radius/plate-thickness 
ratio and to calculate y and R’/R for a range of rim 
thicknesses. This permits the determination of stress 
concentration factor, which is shown plotted against 
t/T for two values of R/T in Fig. 10a. From a family 
of such curves, values of t/T have been read off at 
stress concentration factors of 2:5 and 2-0, and the 
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result is shown in Fig. 12. This relationship between 
the rim thickness and manhole radius permits the 
calculation of rim dimensions, which are shown in 
Fig. 11 for a stress concentration factor of 2:5. 
Figure 12 shows that the rim thickness would have 
to be doubled, approximately, to reduce the stress 
concentration factor to 2-0. 


Discussion 


The tentative design curves put forward in this 
report show manhole rim thicknesses which would 
present no difficulty in manufacture. The weight of a 
symmetrical rim would be about one-fifth of that of 
the plate reinforcement currently employed, whilst 
that of an asymmetric rim would vary between one- 
third and two-thirds of this weight, depending on the 
plate thickness of the tank. Moreover, a rim-rein- 
forced manhole would be much more simple to 
make, and the amount of welding would be dras- 
tically reduced, compared with the requirements of 
the orthodox manhole. Wherever the rim is of suffi- 
cient thickness (particularly in the case of one-sided 
rims) it would be feasible to attach the cover directly 
to the rim by means of studs, without the need for a 
flange. 

Although relatively few tests have been carried 
out, including only one on a full-sized curved-plate 
specimen, the close agreement with the measure- 
ments is reassuring and indicates that the theory is 
soundly based. Nevertheless, it would be desirable 
to make confirmatory stress measurements on a 
storage tank fitted with a rim-reinforced manhole. 

The rim bending stresses were neglected in arriving 
at the design curves. These are small in one-sided rims 
and are considered to be relatively unimportant. 
However, in symmetrical rims, the bending of the 
rim theoretically increases the hoop stress at the 
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fillets between rim and plate. Here the peak stress is 
too localised to be measurable by means of strain 
gauges, and it has not been possible to confirm the 
prediction. The presence of this high bending stress 
would be more significant if there were a possibility 
of fatigue failure but, as already stated, this would 
be unlikely to occur short of 10° full applications of 
load. The limitation of the direct hoop stress concen- 
tration factor to 2-0 for symmetrical rims, is perhaps 
desirable in view of the presence of these secondary 
rim bending stresses. It should also be mentioned 
that there are undoubtedly very much higher stresses 
local to welded joints, and to changes in profile, 
in the conventional type of reinforcement and also 
in pressure vessel nozzle details, than have been 
measurable by means of strain gauges. Experience 
shows that these highly localised stress concentrations 
have been of small importance in mild steel pressure 
vessels and storage tanks. 


Conclusions 


(1) The substitution of rim reinforcements for 
conventional plate reinforcements at manoles in 
storage tanks is shown to be feasible, and results in a 
large saving of material. Confirmatory stress measure- 
ments should be made on a rim-reinforced manhole 
set in a storage tank. 

(2) Design curves are presented, based on a limi- 
tation of the maximum direct stress in the rim, and 
the designs are considered equally safe with present 
day plate-reinforced designs. 

(3) Bending stresses in the tank plates due to the 
asymmetry of one-sided rim reinforcement, are 
negligible in the designs presented. 

(4) Plane stress solutions for rim-reinforced circular 
holes in flat plates can be used for the accurate 
calculation of stresses, provided that the bending of the 
rim is allowed for in an estimation of the effective 
height of the reinforcement. 
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Appendix I 


Notation 
A Effective cross-sectional area of reinforcement 


_ Factors for influence coefficients of short cylindrical 
{ shells 


a 
C,, ete. Integration constants 

Et®/4n* 

ET*/4n* 

Modulus of elasticity 

Effective height 

Vrt/2n 

Direct-stress concentration factor 
Bending-stress concentration factor 
{n(/(1 —v)} (/T.V rit 

Height of rim 

Bending moment, per unit length 
3(1 —v*) 
Shear force, per unit length 

Radius of manhole bore 

Outside radius of rim 

Mean radius of rim 

Axial distance along cylindrical shell 
Plate thickness 

Total thickness through plate and ring reinforcement 
Wall thickness of rim 

Displacement 


bee 


> 
* 


=n ~~. 


_ 
= 
= 


“N° * BRO 


= 


n‘< 


Replacement factor, A/rT 
T'/T 


ww 


nivrt 

Poisson’s ratio 

Radius 

Direct hoop stress in rim 
¢ Angular displacement 


-~Qve 


Appendix II 


Plane Stress Solution 

Beskin? presents two solutions for symmetrically 
reinforced circular holes in plates subject to uniaxial 
edge stresses. The first, termed the ‘rim’ solution, is 
applicable to reinforcement (Fig. 5) having a uniform 
cross-sectional area A concentrated at a radius r, 
which is also the radius of the hole. The solution is 
most accurate for large diameter holes in thin plate, 
and increasingly in error for smaller holes. The stress 
concentration factor / is given in terms of the replace- 
ment factor y: 


i=1/{1+ pC] + v)}+2/{1+)(3+)} ........202- (8) 


where v is Poisson’s ratio and y=A/rT with T equal to 
the plate thickness. This expression forms the lower 
curve in Fig. 5. 

In the second solution, for ‘ring’ reinforcements, 
the actual dimensions of the reinforcements are 
considered, so that accurate solutions should be 
obtained for reinforcements of appreciable radial 
width, within the limitations of the plane-stress 
analysis. The solution is a complex expression in 
terms of z, which is the ratio 7’/T, and the ratio x 
of the outer and inner radii of the reinforcement, 
R’/R. Beskin gives results of maximum stress con- 
centration factor computed for a range of x and z, 
and the expressions will not be detailed here. 

To make use of the ‘ring’ solution, whilst preserving 
the simplicity of presentation of the ‘rim’ results, the 
replacement factor y has been calculated for values of 
x and z as follows, assuming considerations of 
effective height to be absent. 


The area of the reinforcement cross-section is 

(Fig. 5) 
A=(R’—R) T’—3(R’—R)T= 3(R’— R) (2T’—T) 

and r=4}(R’+R) 

The replacement factor is, therefore, 

y=AlrT=(2z—1) (x—1)/(x+1) .......- (9) 

Thus for each combination of x and z, y can be 
calculated and values of j have been plotted against 
y in Fig. 5 for a range of x. It should be noted that 
to use this graph without loss of accuracy, the replace- 
ment factor for any given reinforcement must be 
calculated as set out above. 


Appendix III 


Effective Height of Tubular Rims 


The calculation ci the effective height of a tubular 
reinforcement reduces to the determination of its 
stiffness to radial forces acting between the rim and 
the plate, in the presence of edge-moments which 
arise to provide continuity of rotation at the rim- 
plate junction. In order to solve this problem, the 
influence coefficients for a tube of finite length and 
loaded by forces and moments at one end, must be 
determined. 

For a thin cylindrical shell subjected to axially- 
symmetric bending, the displacement w of any point 
in the shell middle surface in a direction normal 
to the undeflected surface, is*: 


w=exp.(— 8s) (C, sin Bs + C, cos Bs)+-exp.(—8s) (C, sin Bs+ 
1 


| eee (10) 
where C,, Cs, C3 and C, are constants determined 
by the boundary conditions, s is the axial distance 
along the shell and 

B={3(1 —v*)}3// rt 
The radial (shear) force Q, and axial bending mom- 
ent M, are given by: 
OQ =D,(d*w/ds*) 
and M =—D,(d?w/ds*) 
where D,=Et*®/12(1 — v?) 
and the sign convention is that of Fig. 6. 
The boundary conditions to be substituted are: 
x=O, M=M, and Q=Q, 
x=L, M=O and Q=O 
These conditions enable the four constants C, etc. 
to be evaluated in terms of My, Qo, 8 and L. When 
these are substituted in equation (6), values of the 
edge (x=o) displacement, w,, and rotation, ¢», are 
obtained: 


Wo= (Qo 26°D,) (1 a,)—(M, 287D,) (1/a,) Set aeens (11) 
$o= —(Qo/2B7D,) (1/az)+(My/BD,) (I/ay3)........ (12) 
where 


a, ={cosh(2BL) + cos(2BL)—2} /{(cosh(28L)—cos(28L)} 
a, = {cosh(28L)+ cos(2BL)—2}/{sinh(28L)+ sin(2B8L)} 

The factors a,, a, and a; are plotted against 28L, 
(28BL=L/h*), in Fig. 6. 


a, = {cosh (28L)+cos (28L)—2}/{sinh(28L)—-sin(28L)} } 
.. (13) 


Symmetrical Rim 


The two halves of the rim are assumed built-in on 
their respective sides of the plate, and the value of 
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the fixing moment is deduced from (12) by making 
do Zero. 
Mey=GsQelas2B ww. ow eee (14) 
This moment is in equilibrium through the plate 
thickness so that the plate proper is not subjected to 
bending. Substituting for M, in the expression (11) 
for we gives the stiffness of each half of the rim: 
Q,/Wo=28* D,. (2a,a,”)/(2a,2—a,a3) .... (15) 
The stiffness of an idealised rim, of cross-sectional 
area A and radius r, which is assumed to suffer only 
a uniformly distributed hoop stress is given by: 
Ft occeccccaswsceee (16) 
Equating the stiffnesses (15) and (16) and putting 
A=ht, where h is the effective height: 
h=h*. (2a,a,")/(2a,,—a,a;) .... (I) 
where h*=,/rt/2n 
This expression is plotted in Fig. 7. 
On substitution of the formulae (13) for a,, a, and 
as, equation (1) becomes 
h=h*.2{sinh(L/h*)-4-sin(L/h*)}/{cosh(L/h*)+cos(L/h*)+2} (17) 


Asymmetrical Rim 

For calculation purposes, the plate and rim are 
assumed to meet at the intersection of their middle 
surfaces. Continuity of displacement and equilibrium 
of interacting force and moment is to be established 
at this intersection. 

The displacements of the rim are given by (11) and 
(12), and to eliminate M, the angular displacement of 
the plate must be introduced. Assuming that the 
displacements are small, so that the radial force Qy 
has no influence on the bending of the plate, the edge 
rotation of the plate is given by: 

$.=—{r/D{1—v)}. My... 2200s (18) 
in which D, is the flexural rigidity of the plate. This 
relation has been obtained from an equation given 
by Timoshenko® (eq. 72, p. 64) for a circular plate of 
finite diameter, with a central hole loaded by edge 
moments. It is the limiting value of ¢, as the outer 
diameter of the plate approaches infinity. 

Equating the angular displacements of the rim and 
plate gives the following expression for M,: 

My = Qo.(a3/2Baz)/(1 + kas) 
where k={n/(1—v)}(t/T)./ rit 

Substituting for M, in (11) gives the rim stiffness: 

Q,/Wo=48* D,a,a2"(1 + kas)/{2a.2(1+ka;)—a,a3} .... (20) 

Equating this to the stiffness (16) of an idealised 
rim produces the following expression for the effective 
height: 

h=h*. 2a,a,>(1 + kas)/{2a,°(1+ka) —a,a3} 


Appendix IV 
Bending Stresses 
Symmetrical rim 
The fixing moment acting in the rim is given by (14), 
which may be reduced to Q,/28 since a,=a3. Assum- 
ing that the actual rim length is 3A* or greater, so that 
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the stiffness of the rim is close to its limiting value, 
(14) and (15) lead to: 
M,= Q,/2P = 28? D,wo 
which is precise for an infinitely long rim. 
The longitudinal bending stress is +6M,/t?, and 
since the maximum direct hoop stress in the rim is 
ok, , : 
“o> which corresponds to the stress concentration 
factor j, the bending stress may be expressed as a 
stress concentration factor, using (21), as: 
jim) = + (128?D,w,/t?). Gir/woE)= +-3j/n?= +1°827...... (22) 
The circumferential bending moment in the rim 
is vM,, so that the circumferential bending stress 
expressed as a stress concentration factor is +1-82vj 
or +0-55). 


Asymmetrical rim 


The bending moment acting at the rim-plate junction 

is obtained from (19), assuming that L> 5h*: 
M,y=Q,/2BU. +k) = Qo/2Bk 
since k is large in relation to unity. 

A more useful expression results if the replacement 
factor is introduced at this stage. The radial stress 
in the Beskin analysis is given by yo, where o is the 
hoop stress in the rim, so that the radial load on the 
rim per unit length of periphery is: 

Q,.=yoT 
so that M,={(1 —v)/2n*} (T4/t?). yo... cece eee (24) 

The longitudinal bending stress in the rim is 
+6M,/t® and expressing this as a stress concentration 
factor: 

J'(rimy = +3{1—v)/n} (T/D*. yi 
ee er re (25) 

Evidently, this stress is small and need not be 
considered further. However, the moment reacts on 
the plate, and the radial bending stress in the plate is 
+6M,/T?, which becomes: 

I qaesey™ EVAN T OP. Wp .. oe ce cescees (26) 

Although larger than (25), this bending stress, which 
is positive on the rim side of the plate, is small in 
relation to the direct hoop stress. Nevertheless, a 
circumferential bending stress is also present, and 
is additive to the direct hoop stress on the side of 
the plate opposite to the rim. The circumferential 
bending moment can be determined from the relation 
(eq. 53, p. 56, Timoshenko*) 

M,= D,{(¢/p)+ v(dd/dp)} 
where p is the radius from the plate centre. 

The angular rotation, when the plate is assumed 
to extend to infinity, is given by (eq. 72, p. 64, Timo- 
shenko*) 

Pe er (28) 
substituting in (27), the maximum value of M, 
occurs at the hole circumference (p=r) and is found 
to be equal to Mo. Hence the circumferential plate 
bending stress is equal to (26), with a change of sign, 
so that the maximum plate circumferential stress is 
its’. 
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News of the Institute and Branches 


B.W.R.A. 


and Industry 


Assistant Technical Officer 


Mr. J. R. Partridge left the Institute in 
the middle of August to take up an 
appointment in the Highway Engineer- 
ing Section of Freeman Fox & Partners. 


C. W. Hill Prize 

The C. W. Hill prize will be offered 
for competition among Graduates and 
Associates of the Institute this autumn. 
This prize, endowed by a past President 
of the Institute, Mr. C. W. Hill, to 
encourage the study of design for welding 
among draughtsmen and young engin- 
eers, is offered every three years. Candi- 
dates have to redesign for welding some 
riveted or cast construction. Particulars 
will be circulated to all Graduates and. 
Associates during October. 


Metal Spraying Division 

The provisional Committee of the 
newly established Meta! Spraying and 
Plastic Coating Division of the Institute 
met for the first time on 20th September 
to consider what steps should be taken 
to launch the division during the current 
session. Membership of the division is 
open to all members of the Institute 
who have experience in connection with 
the manufacture of supplies for metal 
and plastic coating or the application of 
these processes in industry. The tech- 
nical meetings of the division will be 
open to all members of the Institute. 
Full particulars will be circulated to 
members in the near future. 

Mr. W. S. Ballard has accepted an 
invitation to serve on the provisional 
Committee. 


Autumn Meeting 1961 


As previously announced the Autumn 
Meeting of the Institute this year takes 
the form of a Symposium on Welding in 
Shipbuilding. The following is the out- 
line time-table of meetings and other 
functions. 


Unless otherwise indicated below, all 
meetings and functions will be held at The 
Institute of Marine Engineers, The Mem- 


Other Societies 


INSTITUTE ACTIVITIES 


orial Building, 76 Mark Lane, London, 
E. 


Monbay, 30 OCTOBER 


9 a.m.—12 noon: Registration 

12 noon: Opening Ceremony 

2.30—5.30 p.m.: Session 1—Design 

6 p.m.: Reception by invitation of the 
Chairman and Committee, Lloyd’s 
Register of Shipping, 71 Fenchurch 
Street, London, E.C.3 


TUESDAY, 31 OCTOBER 


9.30 a.m.—12.30 “p.m.: Session 2— 
Materials (High Yield Point Steels and 
Residual Stress and Brittle Fracture) 
2.30-6.30 p.m.: Session 3—Materials 
(Light Alloys) and Yards and Construc- 
tion (Building) 

6.45-8.15 p.m.: Reception by invitation 
of the Shipbuilding Conference, Dor- 
chester Hotel, Park Lane, London, W.1 


WEDNESDAY, | NOVEMBER 


9.30 a.m.—12.30 p.m.: Session 4—Yards 
and Construction (Layout and Materials 
Handling) 

7.15 for 7.45 p.m.: Annual Dinner of the 
Institute of Welding, Connaught Rooms, 
Great Queen Street, London, W.C.2 


THURSDAY, 2 NOVEMBER 


10.30 a.m.—1 p.m.: Session 5—Welding 
and Cutting (Processes) 

3-5 p.m.: Session 6—Welding and Cut- 
ting (Procedures) 

6 p.m.: Institute of Welding Presidential 
Address by Mr. H. West 

6.30-8 p.m.: Reception by invitation of 
the President and Council of the Insti- 
tute of Welding 


FRIDAY, 3 NOVEMBER 

9.30 a.m.—12.30 p.m.: Session 7—Weld- 
ing and Cutting and Quality Control 
12.30 p.m.: Closure of meeting 


Tickets will be required for admit- 
tance to all meetings and functions, and 
members who wish to attend any part of 





































































































the meeting should return, withort 
delay, the enrolment form sent with th 
full programme of the Symposium at the 
beginning of September. 


Select Conference on Welding of Tubes 
to Tube Sheets 


In June 1962 the Institute proposes to 
hold a select conference on the welding 
of tubes to heat exchanger tube sheets. 
The object of the Conference is to 
review the latest developments in tech 
niques as applicable to the petroleum, 
chemical and power plant industries 
After this review the conference wil! 
consider to what extent standardisation 
of techniques in this field is possible and, 
if thought desirable, will set up a con- 
tinuing committee to further the object 
of standardisation. 

A notice giving further particulars is 
being circulated to a number of individ- 
uals and companies which are known 
to be interested, inviting them to con- 
tribute to the conference. Copies of this 
notice may be obtained from the Sec- 
retary of the Institute. 

The conference will probably last over 
two days and will be held in an hotel or 
Country Club near London; the provi- 
sional dates are the 18th and 19th June, 
1962. 


Indian Productivity Team on Welding 


The support of some of its Industria! 
Corporate Members enabled the Insti- 
tute to invite a Productivity Team on 
Welding, from the National Productivity 
Council of India to visit the United 
Kingdom during the week 20th to 
26th August and to provide them with 
an interesting, though exacting, pro 
gramme of visits. 

Two of the members of the team, Mr. 
R. Ghosh (leader) and Mr. S. V 
Nadkarni (secretary) are members 0! 
the Institute and of its Indian branch 
Mr. Ghoshis Technical Sales Manager o! 
Indian Oxygen Ltd., and Mr. Nadkarn: 
is with J. B. Advani-Oerlikon Electrode 
Ltd. The other members of the team 
were Mr. S. P. Chitnis, the founder o 
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Murex chrome leather welding gloves are the right type for welding 
because they are designed for the job. They provide full protection 
for the hands and wrists from spatter and they remain supple and 
comfortable even after long use. All seams are insewn to prevent 
burning of the thread and all the parts subject to the most wear 
are reinforced. Various types are available, including the five 
finger type, mitt type and long gauntlets. Murex asbestos gloves 
are also available. 





Please write for full particulars 


1UREX WELDING PROCESSES LTD., WALTHAM CROSS, HERTS. Telephone: Waltham Cross 23636 
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ROCKWELD LTD - COMMERCE 


Chitran & Co., Mr. R. D. Singh, Chief 
Engineer of the Common Faculty 
Service Workshop, Patna Industrial 
state, Mr. M. P. Singh, Head Welder 
‘nd General Secretary of Ekra Engin- 
ering Works Union, Mr. C. L. Trehan, 
Managing Partner, Bharat Oxygen Gas 

‘o., and Mr. H. J. Lentin, Engineer-in- 
‘harge of one of the plants of Godrej & 
soyce Manufacturing Co. Ltd. 

Within the five days, the party 
scorted by the Secretary of the Institute 
r the Technical Officer, were able to 
isit the British Oxygen Company’s 
ngineering Works at Edmonton, 
\.P.V. Ltd., at Crawley, Ransomes & 
‘apier Ltd., at Ipswich, the British 
Velding Research Association at Abing- 
oy, Swan Hunter & Wigham Richard- 
on Ltd., at Newcastle upon Tyne, 
‘leveland Bridge and Engineering Co. 
td., at Darlington, John Thompson 
td., British Oxygen Co. Ltd., at Bilston 
nd Fisher & Ludlow Ltd., of Birming- 
am. On the last day, Messrs. Babcock 
< Wilcox arranged a whole day’s visit 
o the new atomic power station at 
linkley Point. 

The Institute offers its thanks to all 
hese Companies whose readiness to 
eceive the Indian Party at very short 
\0tice is greatly appreciated. 

At an informal dinner party at the 
<ensington Palace Hotel on Monday, 
‘Ist August, Dr. Nicol Gross, as 
‘hairman, welcomed the party on be- 
ialf of the President and Council of the 
institute. Besides members of the 
‘ouncil and representatives of Indust- 
ial Corporate Members, the dinner was 
ittended by Mr. V. S. Charry represent- 

ing the High Commissioner for India, 
ind Mr. P. Waring, Engineering Con- 
sultant to the British Council. 


‘Welding and Allied Processes in Main- 
tenance and Repair” 


By agreement with the International 
Institute of Welding, the Elsevier Pub- 
lishing Company has just published a 
report of the 1959 Public Session of the 
11W with the above title. The work con- 
tains the complete text of the 41 papers 
presented at that Session, together with 
the introductions of the rapporteurs and 
the full text of the discussion of the 
yapers. It consists of approximately 586 
pages and contains numerous illustra- 
tions. 

The papers are divided into four 
groups dealing with various aspects of 
repair work in industry. The first group 
deals with techniques used in repair 
work, ‘the second with problems raised 
n this connection; the third gives typical 
‘xamples of the repair of parts and the 
naintenance of equipment in particular 
industries, which include railways, ship- 
suilding and steel making; the fourth 

escribes the organisation of main- 
enance and repair work in relation to 
he special needs of various industries 


NEWS AND ANNOUNCEMENTS 


and deals with some of the economic 
questions relating to this use of welding. 

The majority of papers reproduced in 
this work are in English but 10 are in 
French. In each case, a summary is given 
in the other language. 

Copies of this work may be obtained 
from the Joint Committee for Inter- 
national Welding Relations at a price of 
approximately £8 per copy. 


ELECTION OF MEMBERS 


The following elections have been 
made effective from the dates indicated: 


Members 


R. A. Cresswell (Surrey); F. W. Lanau 
(Surrey); H. W. Macfarlane (Clack- 
mannanshire) —15.6.61 
*J. W. Fox (Surrey); *P. J. Palmer 
(Birmingham) —25.7.61 


Associate Members 


E. S. H. Thompson (Northumberland); 
G. I. Young (Middlesbrough) —18.5.61 
N. Crevis (Surrey); H. P. Iszatt (Essex); 
A. Owen (Manchester); A. K. Roy 
Choudhury (Calcutta) —15.6.61 
TR. C. Thomson (Greenwich) —16.6.61 
E. Horne (Northumberland); H. Mel- 
rose (Leics.); S. Murugesan (India); 
R. S. Rhodes (Staffs); G. C. Shaw 
(Northants); A. J. Watkins (Man- 
chester); J. M. Wheatley (Cambs) 
—25.7.61 


Companions 


R. Fell (Warwicks) —3.7.61 
F. H. Maw (Bucks); +K. O. Ho (Sin- 
gapore); C. E. N. Ives (Herts) —25.7.61 


Graduates 


T. K. Kar (Calcutta) —18.5.61 
R. W. Husselby (Somerset); E. E. Main- 
waring (London) —15.6.61 
D. Graves (Ayrs.) —25.7.61 


Associates 


tM. P. Scott (Lincs) —18.5.61 
L. R. Spiller (Essex); W. H. Bradley 
(Lancs); T. W. R. Dalloway (Walsall); 
J. A. Durney (Dublin); W. E. C. Hall 
(Bucks); R. K. J. Hill (Herts); J. H. 
Jones (Warwicks); J. F. Parsonage 
(Bootle); {H. G. Russell (Herts) 
—15.6.61 
R. H. Taylor (Wilts); J. H. Bailey 
(Staffs); D. J. Bartholomew (Middlesex) 
E. T. Bird (London); M. H. Burke 
(Bucks); G. A. Millar (Kent); D. T. 
Morrissey (Derby); B. J. Pollard (Lon- 
don); H. W. Tedman (London) 
—25.7.61 


Industrial Corporate Member 
Mather and Platt Ltd. (Manchester) 


—25.7.61 





* Transfer from Associate Member 
+ Transfer from Associate 
t Transfer from Graduate 
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NEWS OF MEMBERS 


John Mason,Chartered Civil Engineer, 
has been joined in partnership by A. D. 
Frost, A.M.I.C.E., A.M.I.Struct.E. 

E. B. Thain continues as Manager of 
the Yates Plant Department of Baker 
Perkins Ltd. (previously known as 
Yates Plant Ltd.). 


Obituary 


The Council regrets to record the 
deaths of the following members: 


L. R. Preston (South Western, Assoc. 
Member, 1942). 

R. C. Stevenson (West of Scotland, 
Assoc. Member 1944). 

A. Chadwick (Birmingham, Member 
1927). 

F. A. Eastwood (South London, 
Member 1936). 

W. Graham (Liverpool, Assoc. Mem- 
ber 1945). 


E. S. Waddington 


Mr. E. S. Waddington, who died 
suddenly on 6th August, joined the 
Institute in 1936, when he was manager 
and engineer of Philips Industrial, 
Philips Lamps Limited. He interested 
himself in welding in the pioneering 
period between the wars and had a very 
wide knowledge of both the electrical 
processes and of the manufacture of 
electrodes. The early part of his career 
was spent in South Africa, and he was 
an Associate of the South African 
Institute of Electrical Engineers and an 
Associate Member of the Institution of 
Engineers in South Africa. 

He was a member of Council of the 
Institute from 1944 to 1961 and was 
Vice-Chairman of the Finance Commit- 
tee from 1945 to 1961. He represented 
the United Kingdom on the Health and 
Safety Commission of the International 
Institute of Welding, and served on the 
Health and Safety Committee of the 
Institute, which was responsible for the 
production of the booklet “Health and 
Safety in Welding”. 

He gave generously of his time and 
special knowledge in the adaptation of 
the Institute’s new premises. 

The sympathy of a wide circle of 
friends will go out to Mrs. Waddington. 


CONTRIBUTORS TO THE 
JOURNAL 


J. M. Robertson, D.Sc. is Chief Metal- 
lurgist with C. A. Parsons & Co. Ltd. 
He graduated B.Sc. from Glasgow 
University in 1922, and joined the staff 
of the Metallurgical Department of the 
Royal College of Science and Tech- 
nology in the same year. He obtained 
his Ph.D. degree in 1926, and then be- 
came Metallurgist to the Safety in Mines 
Research Board. After two years he 
joined Sir Harold Carpenter as Personal 
Assistant, and in 1932 took up an 
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appointment as Lecturer in Metallurgy 
at the Royal School of Mines. During 
this period of ten years he was Technical 
Secretary to the Metallurgical Research 
Board, and also was awarded a D.Sc. 
degree of London University in 1929. 
At the outbreak of the Second World 
War, Dr. Robertson was attached to 
the Royal Aircraft Establishment at 
Farnborough, but transferred to the 


es a 





Department of Tank Design, Ministry 
of Supply, in 1941. He resigned this 
position in 1945 to take up his present 
appointment. 

Dr. Robertson has been the author or 
co-author of numerous papers presented 
to metallurgical institutions and pub- 
lished in technical journals. He is well 
known as joint author with Sir Harold 
Carpenter of the book “Metals”’ pub- 
lished in 1939 by the Oxford University 


Press. For the period 1935-47 he was. 


Joint Editor of **Metal Treatment’’. 


B. Augland is Senior Research Officer 
in the metallurgical section of SINTEF 
(the Engineering Research Foundation 





at the Technical University of Norway). 
He graduated as a Mechanical Engineer 
from the Technical University of Nor- 
way in 1950 and has since been working 
on the metallurgical aspects of defor- 
mation and fracture, and the weldability 
of steel. 


BRANCH NEWS 
Careers 


F f F on eae 
Exhibition 


In connection with the Common- 
wealth Technical Training Week the 


City and Royal Burgh of Edinburgh 
decided to stage a Careers Exhibition 
under the title of ““Target for Youth”. 

Local firms and associations were 
asked to participate by displaying and 
demonstrating the equipment peculiar 
to their crafts. A sub-committee from 
the local Branch of the Institute of 
Welding was formed to organise a stand 
covering activities in the field of welding. 

On the stand was shown manual 
metal-arc welding by Murex welding Pro- 
cesses Ltd.; arc-air gouging by Lincoln 
Electric Co. Ltd.; semi-automatic arc 
welding by British Oxygen Co. Ltd., who 
also showed gas welding and cutting. 
Materials for welding and welded 
exhibits were supplied by British Alu- 
minium Co. Ltd., Falkirk; Robertson & 
Ferguson Ltd., Edinburgh; and A. 
Stevenson & Co. Ltd., Edinburgh. 

The stand was manned by local 
members of the East of Scotland 
Branch Committee and by apprentices 
drawn from local engineering firms. 

A display panel, designed at the Head- 
quarters of the Institute, setting out 
Technical Education facilities available 
from the Institute, formed a background 
centrepiece of the stand, flanked by 
many excellent photographs illustrating 
many notable and recent achievements 
where welding had played a leading 
part. A supply of literature regarding 
the Institute was made available and it 
was pleasing to note that this was freely 
taken and also that there were several 
enquiries for information about joining 
the Institute. 

The Exhibition was opened on Thurs- 
day, 25th May, by The Lord Provost of 
Edinburgh, Mr. Greig Dunbar, and was 
closed on Saturday, 3rd June. A visit 
was paid by H.R.H. The Duke of 
Edinburgh on Wednesday, 31st May, 
and he spent some time on the welding 
stand. Among other notable visitors to 
the stand were the Moderator of the 
Church of Scotland, the Rt. Revd. Dr. 
A. C. Craig, M.C.; the Duke and 
Duchess of Hamilton; Lord Bilsland, 
President of The Scottish Council 
(Development in Industry). 


General view of the welding stand 





There can be no doubt that th 
Exhibition was well worth while anc 
will bring its reward for the tremendou 
amount of work it entailed. Its objec 
was to focus the attention of young 
people on prospects for their future an: 
to assist them in deciding what cours: 
to follow after leaving school. It i; 
evident that welding still has a grea 
fascination for many youths and ther 
were many eager to ‘have-a-go’, whe 
given the opportunity on the stanc 
under the guidance of the apprentices, 
all of whom displayed a very hig 
standard of workmanship. 


Members of the Organising Committee of the 
welding stand (left to right): J. F. Wheeldon 
(Past Chairman); A. W. Marshall (Chair- 
man); H. R. McKinstry (Convenor); R. D. 
Berry (Branch Secretary); W. Greig (Lincoln 
Electric Co. Ltd.) 


One individual to whom the sub- 
committee offer their grateful thanks for 
much help and guidance is Mr. R. 
Adamson, of the City Education Depart- 
ment, who was largely responsible for 
the layout of the Exhibition. 

R.D.B. 


Sessional Programmes 


11th Sept.—Works Visit to Head 
Wrightson, Tees-dale Works 

2nd Oct.—‘‘Electro-slag welding” by 
W. K. B. Marshall 


8th Nov.—Open Discussion 


18th Dec.—‘“Shipyard development for 
welding and prefabrication 1945-60" 
by J. P. Jespersen (Joint meeting with 
N.E. Coast Engineers and Ship 
builders) 

7th Feb.—Babcock & Wilcox Films 
“Goliath” and “Craftsman Welders’’ 

5th Mar.—To be arranged 
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4th Apr.—Annual General Meeting 

Meetings are held at Cleveland 
Scientific and Technical Institution, 
Corporation Road, Middlesbrough, at 
6.15 p.m. unless otherwise stated. 


Southern Counties 


9th Oct.—“* Welding and the draughts- 
man” by H. B. Merriman (South- 
ampton) 
6th Nov.—‘ Welding in marine engin- 
_eering” by J. A. Dorrat (Portsmouth) 
4th Dec.—*‘Hampshire Rural Industries 
Bureau: Welding machines and equip- 
ment” (Southampton) 
8th Jan.—“‘ Distortion” by J. S. Waring 
(Southampton) 
5th Feb.—‘‘Maidenhead Bridge” by 
G. R. Roberts (Portsmouth) 
5th Mar. “Metal spraying” by W. E. 
Ballard (Southampton) 
2th Apr.—Annual General Meeting 
and Technical Film 


:8th Oct.—Chairman’s Address by 
J. Askin 


i5th Nov.—“Leaves from my notebook” 
by R. G. Burt 


7th Dec.—“‘Electro-slag and electro-gas 
welding” by W. K. B. Marshall 


17th Jan.—*Power sources for welding” 
by J. C. Needham 


21st Feb.—‘‘Improved steels and their 
weldability” by F. J. Wilkinson 


21st Mar.—‘Plasma jets” by R. A. 
Creswell 


13th Apr.—i7th Annual Dinner and 
Ladies Night 


18th Apr.—Annual General Meeting 


Apr. 1962—Works Visit. Venue to be 
arranged 


All meetings will be held at the 
Wulfrunians Club, at 7.30 p.m. unless 
otherwise indicated. 


CONFERENCES AND COURSES 


Hydrogen in steel 


The British Iron & Steel Research 
Association have organised a Confer- 
ence on this subject, to be held at 
Harrogate from 11th to 13th October, 
1961. 

The ‘opening lecture, on the role of 
hydrogen in the mechanical behaviour 
f metals, will be given by Professor 
A. R. Troiano, of the Case Institute of 
‘echnology, Cleveland, U.S.A. The 
other subjects for papers and discussion 
re: 

(i) Removal of hydrogen from liquid 
and solid steel 


NEWS AND ANNOUNCEMENTS 


(ii) Effect of hydrogen on properties 
of ultra high tensile steels 
(iii) Diffusion and solubility of hydro- 
gen in steel 
(iv) Hydrogen in weld metal 
(v) Unresolved factors about hydro- 
gen in steel 
Full details of the arrangements, 
together with application forms, can be 
obtained from the Technical Secretary, 
Metallurgy Division, BISRA, 11 Park 
Lane, London W.1. 


NEWS FROM INDUSTRY 


Fourth International Competition for a 
Paper on the Applications of the 
Oxyacetylene Flame 


Regulations 


Article 1, Setting up of a competition 

The “‘Commission Permanente Inter- 
nationale de l’Acetylene de la Soudure 
Autogene et des Industries qui s’y 
rattachent’’, with a view to furthering 
the application of the oxyacetylene 
flame, is organising a competition for 
the submission of a paper, in accordance 
with the following provisions. 


Article 2. Subject 
The paper must deal with one of the 
following subjects: 


(1) Investigations, Research, Tests con- 
nected with the stability of the flame 
of oxyacetylene torches in their 
various applications. 

The paper may be concerned either with 

theoretical studies or with experimental 

research; it may treat of methods for 
conducting tests or constructional ar- 
rangements. 

(2) Investigations concerned with the 
improvements that may be made in 
the use of oxy-cutting with the oxy- 
acetylene flame, as regards one of 
the following domains: 

(a) Cutting great thicknesses 
(5) Raising cutting speeds. 
The paper must be unpublished, or it 
may only have been published after 
Ist April, 1962. 


Article 3. Participants 

The competition is open to all 
individuals, corporations or organisa- 
tions in any country with the exception 
of members of the jury. The same 
competitor may submit to the competi- 
tion several papers on different themes. 


Article 4. Submission of papers 

Papers are to be written in French or 
English, typewritten in quintuplicate 
on one side of the paper only on paper 
size A.4 (21 x 29-7 cm). They must be 
accompanied, if necessary, by illustra- 
tions, diagrams, etc., likewise in quin- 
tuplicate. 

Papers must consist of at most 
twenty typewritten pages, single spac- 
ing (figures extra) and they must be 
accompanied by a summary briefly 
recapitulating the subject of the investi- 
gation and the results obtained. 
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Papers must not contain any par- 
ticulars such as to disclose their origin 
and their author, but they must bear a 
distinguishing symbol. 

Article 5. Despatch of papers 

The five copies of each paper, 
accompanied by illustrations, are to be 
placed in an envelope bearing the 
competitor’s symbol and the word 
*“‘Memoire” (paper). This envelope, 
and another sealed envelope bearing on 
the outside only the competitor’s 
symbol and containing a sheet of paper 
with his name, address and symbol, will 
be sent in another outer envelope, bear- 
ing the wording: “4e CONCOURS 
INTERNATIONAL” (4th _ Interna- 
tional Competition) and posted to the 
Secretariat General de la Commission 
Permanente Internationale de |’Acety- 
lene et de la Soudure Autogene, 32 
Boulevard de la Chapelle, Paris, 18e. 


Article 6. Period of the competition 

The competition is open from Ist 
October, 1961 to 31st March, 1963. The 
documents are to reach the address 
stated at the latest by 31st March, 1963 
at 6 p.m. C.E.T. 


Article 7. Awards 

The competition is endowed with a 
lump sum of 12,000 Swiss francs which, 
subject to what has been said in 
Article 9, may be distributed in the 
form of several awards. The value of 
each award will be a minimum of 
1,000 Swiss francs. 


Article 8. Jury 

The examination of the papers sub- 
mitted and the allocation of awards, 
will be entrusted to a jury formed by 
five persons having the status of perm- 
anent members of the “‘Oxy-Acetylene 
Welding Committee”, and they may be 
joined, by decision adopted unani- 
mously, by any person whose assistance 
is deemed of use by them. 


Article 9. Allocation of awards 

The jury reaches decisions by majority 
vote. It has the final decision as regards 
the allocation of prizes and may, if it 
considers that the papers submitted are 
not deserving of award, reserve part or 
whole of the allocation of awards, and 
use such sum for a subsequent competi- 
tion. 


Article 10. Copyright 

The papers awarded become the 
property of the C.P.I. which acquires 
the rights of publication and translation, 
but the author’s name is always given. 

Copies of the papers which have not 
been awarded will be held at the dis- 
posal of their authors. 

Patents remain the property of their 
authors, who must personally ensure 
the protection of their work. 

The C.P.I. declines all liability as 
regards claims of priority or industrial 
property. 

Article 11. 
By taking part in the competition, 
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competitors agree to accept all the con- 
ditions of these regulations. 


Welding in shipbuilding 

Two large passenger liners, the 
Oriana and the Canberra, have recently 
gone into service for the P.&O. Steam 
Navigation Co. Both have super- 
structures built almost entirely of 
welded aluminium. 

A description of the Oriana super- 
structure is given in one of the papers to 
be presented at the Symposium on 
Welding in Shipbuilding, to be held at 
the end of this month. 

Our cover illustration shows part of 
the Canberra, a 45,270 ton vessel built 
by Harland & Wolff Ltd. The use of 
aluminium alloy in the superstructure 
has resulted in a considerable saving of 
weight and has permitted the provision 
of an additional deck. 


Welding standardisation 


Meetings of the TC44 Committee of 
the International Standards Organisa- 
tion were held in Helsinki between 7th 
and 10th June. The U.K. delegation was 
led by Mr. E. P. S. Gardner, and the 
other members were: C. C. Bates, Dr. 
J. C. Chapman, R. L. Gaughan, E. W. 
Harding, L. C. Percival, and G. C. 
Poxon. 


New Creep Laboratory 


For more than thirty years the Elec- 
trical Research Association has been 
concerned with the testing of ferrous 
materials at high temperatures, to gain 
information on the properties of steels 
used in steam-raising plant for the 
generation of electric power. At first, 
the work was undertaken at the N.P.L., 
but with the introduction of newer 
alloys (which resulted from knowledge 
gained in earlier tests) the test pro- 
gramme had to be expanded, and creep- 
testing machines were installed in 1957 
at the E.R.A. Laboratories at Leather- 
head. 

These facilities have now been further 
greatly increased by the recent opening 
of a new Creep Testing Building, sepa- 
rate from the Main Laboratory. It is 
equipped with 50 high sensitivity creep 
machines with optical extensometers, a 
similar number of 10-specimen rupture 
machines, and 50 dual-purpose mach- 
ines for dial-gauge measurement or 
3-specimen multi-rupture purposes. In 
addition, there is a 15-ton creep machine 
for testing specimens of full wall thick- 
ness of steam pipes. There are also 
eleven rigs for testing tubes under 
internal steam pressure at high tem- 
perature. 

The new building is windowless and 
has a high degree of insulation against 
external temperature variations. Heat 
from the furnaces is extracted by mul- 
tiple air changes, using the large space 


between the roof and a false ceiling 
under the lower boom of the roof 
girders as an air duct for distributing 
incoming air, and concrete ducts in the 
flooring for extraction. Adjustable out- 
lets are provided under each creep 
machine. 


New alloy steel 


A new alloy steel, Esshete 1250, 
designed for service temperatures up 
to 675°C., is now in commercial pro- 
duction at Samuel Fox and Company 
Ltd. This austenitic steel has a com- 
position of 15% Cr, 10% Ni, 6% Mn 
with smaller amounts of Si, Mo, V, 
Nb, and B. At 600°C. it has a tensile 
strength of 28-5 tons/sq.in., 0-1% proof 
stress of 8-2 tons/sq.in., and reduction 
in area of 64%, in the solution treated 
condition. 

Extensive trials with experimental 
and commercial electrodes have indi- 
cated that the new steel has excellent 
weldability. 


Special electrodes 


S. A. Ardise of Brussels, Belgium, 
have issued (in English) descriptive 
leaflets on their range of ‘Elarc’ 
special electrodes. These cover nickel 
and nickel alloy electrodes, and electro- 
lytic copper. The information includes 
properties of the deposits, optimum 
welding procedures, and the materials 
and purposes for which the electrodes 
are most suited. 


Copper bearing steels 


A booklet, Publication No. 61, 
issued by the Copper Development 
Association, describes the advantages 
and applications of copper-bearing 
steels for structural purposes. Where 
resistance to corrosion is an important 
service condition, these steels offer 
several advantages, and they are readily 


weldable by the normal welding pro- 
cesses. 


NEW PLANT AND EQUIPMENT 
Orbital sanders 


An orbital sander, the Super Stork 
7000, made in Italy by Rupes of Milen 
and marketed in Britain by Marron 
Machines Ltd., is a suitable tool fer 
finishing welds and finishing of alumi:- 
ium and other metals. It operates at 7000 
rev/min with a 1/3 h.p. motor. 

A similar machine, the SM.10 dic 
sander, operating at 4200 rev/min cen 
also be adapted for boring. 


Tube profiling 

Automatic tube profiling machine;, 
known as Tubefile, are being produced 
by General Precision Systems Ltd., of 
Aylesbury. These profile quickly and 
accurately the ends of steel tubes that 
have to be saddled and welded to other 
steel tubes. 

The correct settings are made by 
operating controls until the appropriaie 
values of intersection angle, external 
diameter of barrel, and internal dia- 
meter of branch, are indicated on 
scales. Additional adjustments will deal 
with notch angle, offset, and the gap 
between the cutting nozzle and the 
pipe surface. 

The cutters rotate around the pipe, 
which can thus be fixed into accurate 
location, and is not restricted in 
length. Model 18 can deal with branch 
tubes up to 18 in. dia., with a minimum 
intersection angle of 30°C. The average 
accuracy of cut is about 1/64 in. 


Precision Orbital Welding Machine 


A method which allows a pre-formed 
tube to be automatically welded to an 
end fitting has been developed by Palmer 
Aero Products Ltd., a subsidiary of BTR 
Industries Ltd. 


Ws 


*Tubefile’ automatic tube 
profiling machine 
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The recently launched 48,500 ton, S.S. Kent, was 
built to the highest classification for petroleum- 
carrying vessels, by John Brown&Co. (Clydebank) 
Ltd., for the Federal Steam Navigation Co. Ltd. 
ACTARC ‘“MONARC”" Electrodes were used 
throughout on all principal welded sections. Easy 
weldability and sound mechanical and physical 
properties proved them ideal for welding on-site 
and in fabricating shops. 





ACTARC 







ARC MANUFACTURING Co. Ltd, Actarc Works, Nitshill, Glasgow SW3 


Telephone: BARRHEAD 2293, Telegrams: ACTIVARC, GLASGOW. 


‘TOBER, 1961 
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BRITAINS FIRST 
AUTOMATIC VERTICAL WELDER 








After extensive testing, 

the British Oxygen ‘‘Subarc” : 
automatic vertical welding process 
is now in use at Swan, Hunter & 
Wigham Richardson Ltd.,Wallsend 


This BOC development is today’s most 
advanced plant for welding heavy 
plate and has been manufactured at 
their Gateshead works. 

Welds are completed in one pass— 
even on plate thicknesses of six inches 
and more-much more quickly and 
economically than by the fastest 
conventional automatic techniques. 
Plates to be welded are set up vertically, 
and a special continuous wire and flux 
powder are fed into the gap. As the 
weld metal is deposited the welding 
head and moulding shoes move upwards, 
the rate of climb being controlled 
automatically by the temperature of 
the slag bath. 

Although the metal deposition rate is 
twice that of conventional automatic 
welding, less flux and less current 

are used. 

Square plate edges eliminate the need 
for costly machined U preparations. 





At present, Swan, Hunter are using the 
“Subarc” process to weld the seams of caisson 
legs of an offshore drilling rig. Each caisson is 
8 ft. in diameter and wall thickness ranges 
from 1%" to 23”. Machines can be hired or 
purchased. For further information a the 
“Subarc” process write: 





@ THE BRITISH oP @ ACE=-a) COMPANY Oe 


Electric Welding Department, Quasi-Arc Works, Bilston, Staffs. Telephone: Bilston 41191 
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This machine will butt weld a fully 
yrmed tube held in a fixed position to 
a end fitting positioned in correct rela- 
onship to it. 

Welding a bent tube of small dia. and 
auge thickness normally connotes 
1anual operation, with the resultant 
isadvantages of an uneven bead con- 
our of large dimensions and ‘stop and 
tart’ craters at various intervals. Some 
utomatic welding process was inevi- 
ible, in order to achieve volumetric 

consistency from one tube assembly to 
nother, and so a torch that would orbit 
he pre-formed tube assembly was 
eveloped. 

The weld crown dimensions and 
penetration bead dimensions can be 
iccurately controlled and the degree of 
concentricity of weld crown and penetra- 
‘ion bead with the tube is extremely 


NEWS AND ANNOUNCEMENTS 


Palmer Aero Products 
orbital welding machine 
for butt welding tubes 


high. Welds can be carried out to meet 
any desired X-ray standard. 


DIARY 

2nd-6th Oct.—School of Welding Tech- 
nology—Course D1/4 “‘Welded Pres- 
sure Vessels for Designers”. 

2nd Oct.—N.E. Tees-side—‘Electro- 
slag welding” by W. K. B. Marshall 
(Cleveland Scientific and Technical 
Institute, 6.15 p.m.) 

4th Oct.—Manchester—“Welding and 
the nuclear power programme” by 
A. B. McIntosh (Manchester Literary 
and Philosophiccal Society, George 
Street, Manchester, 7.15 p.m.) 

4th Oct.—Leeds—“The testing, inspec- 
tion and assessment of welding” by 
C. Atkinson (Great Northern Hotel, 

7.30 p.m.) 








9th Oct.—Sheffield—“Low alloy steel 
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welding” by E. Freeth (Montgomery 
Hall, Surrey Street, Sheffield, 7.15 
p.m.) 

10th Oct.—Liverpool—Works visit to 
John Summers, Shotton 
Liverpool—‘Control of distortion’? by 
E. H. Lee (Flintshire Technical Col- 
lege, Connah’s Quay, 7.30 p.m.) 

11th-13th Oct.—British Iron and Steel 
Research Association—Conference 
on Hydrogen in Steel (Harrogate) 

12th Oct.—N.E. Tyneside—Chairman’s 
Address by C. Stephenson 

16th-17th Oct.—School of Welding 
Technology—Course D13/3 “Residual 
stresses and stress relief for engineers 
and metallurgists” 

18th Oct.—West of Scotland—* Recent 
developments in  corrosion-resisting 
steels” by J. A. McWilliam 
East of Scotland—Chairman’s Ad- 
dress (25 Charlotte Square, Edin- 
burgh) 
Manchester—“‘A welder’s guide to 
metallurgy” by P. Harris (Stockport 
College, 7.30 p.m.) 
Wolverhampton—Chairman’s Address 
by J. Askin (Wulfrunians Club, 7.30 
p.m.) 

18th-20th Oct.—School of Welding 
Technology—Course D12/3 “Practical 
control of distortion” 

19th Oct.—Southern Counties—‘‘ Weld- 
ing and the draughtsman” by H. B. 
Merriman (Southampton) 

24th Oct.—Leeds—“‘Improved steels and 
their weldability” by F. J. Wilkinson 
(Great Northern Hotel, 7.30 p.m.) 

25th—26th Oct.—North London—‘ Why 
some welders fail practical tests laid 
down by test authorities” Discussion 
group (54 Princes Gate, London, 

S.W.7, 7 p.m.) 
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Current 
WELDING LITERATURE 
































Book Reviews 
Additions to the Institute Library 
Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


This section is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journais are listed, and reprints 


from other journals and short notes are generally exclud- 


ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 
Processes, published by the International Institute of 
Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


Welding Journals 


Canadian Welder, 1961, vol. 52, April 
Factors in resistance welding, D. Endquist (20-22) 


ESAB Revue (Sweden), 1960, No. 2 
Welding in the construction of swing bridges, H. Wenzlaff 
(1-7) 

Repair by welding of cast steel, S. Lundin (8-14) 


Journal of the Japan Welding Society, 1961, vol. 30, 
No. 4 


A review of the literature on restraint and reaction stress in 
welded joints, K. Satoh (2-8) 

New edge preparation for submerged arc welding, T. Yoshida 
(9-14) 

Impressions of Europe. Part 3. Welding equipment, material 
and techniques, M. Inagaki (15-22) 

High frequency type apparatus for plotting the CCT diagram, 
H. Suzuki and M. Inagaki (23-31) 

Effect of alloying elements on notch toughness of basic weld 
metais, H. Sakaki (32-37) 

Study of soft soldering, T. Kawasaki (38-43) 

Study of the properties of the oxy-acetylene flame, I. Onishi 
and others (4449) 

Physico-chemical study on the chemical reaction between 
molten slag and metal in the welding process, Y. Kasamatsu 
(50-58) 

Some investigations on oxygen cutting, K. Suizu and T. 
Yasuada (59-68) 


La Pratique du Soudage (Belgium), 1961, vol. 15, 
June-July 


The design of pressure vessels and welded assembly of tubular 
connections and double walls (109-117) 


















































La Saldatura Autogena (Italy), 1960, vol. 41, March 
Automatic submerged arc welding (46-55) 


Lastechniek (Netherlands), 1960, vol. 26, July 


The composition of electrode coatings, A. Mudde (137-141) 
The development of non-destructive testing in welding, W. J. 
Kaufman (153-165) 

X-ray examination and weld strength factor, O. Eiro (166-172) 


Lastechniek (Netherlands), 1960, vol. 26, October 
~ Gas welding of pipes (205-207) 


(Philips’) Welding News (Holland), 1961, No. 118, 
February 
The impact values at low temperatures of joints welded with 
Philips electrodes of the low hydrogen type, R. Boekholt (2-5) 
Physical and psychological health, R. Frant (6-8) 
Stud welding of thin split pins with the aid of specially designed 
studholders (9-13) 


(Philips’) Welding News (Holland), 1961, No. 119, 
March 
Research work as an aid in increasing productivity, C. A. A. 
d.v. Woude (2-4) 
Electrodes for enclosed welding. Types: Philips 56 R and 
EWD (5-6) 
ap of the coatings of welding electrodes, A. Mudde 


Przeglad Spawalnictwa (Poland), 1961, vol. 13, June 


Abrasion resistance for hard faced metals. Part 2, P. Solski 
Forces in the electric welding arc. Part 1, S. Klosowski 
Ultrasonic brazing of aluminium and its alloys. J. Gorczynski 
Welding of gas and oil pipelines. Part 2, E. A. Juffy 


Przeglad Spawalnictwa (Poland), 1961, vol. 13, July 


Forces in the electric welding arc. Part 2, S. Klosowski 

Capacitor discharge welders. Part 1, W. Laczny 

a of shipyard electric welding installations, R. 
ens 

Modern methods of pipe production by welding, S. Dobke 


Schweisstechnik (Austria), 1960, vol. 14, July 
Thermit welding, O. Milcs (73-78) 











CONTENTS OF PERIODICALS RECEIVED 


Schweisstechnik (Austria), 1960, vol. 14, August 
oe control for resistance welding machines, E. Liegmann 


Principles for flame cutting of steel sheet and non-ferrous 
metals sheet, H. H. Reinsch (90-93) 


Schweisstechnik (Berlin), 1960, vol. 10, October 
Economical considerations as regards Vee grooving of one- 
sided welds for backing runs, T. Steinhauser (354-356) 


Higher quality and economics by flame cutting with throttled 
acetylene volume, J. Wodara and R. Probst (357-361) 


Constructional design of welded car frame joints, H. Bohme 
(361-366) 


Contribution to the investigation of shielding gas flow con- 
ditions with CO, welding guns, R. Probst and H. Wendel 
(367-372) 


The interaction of side and end fillets, Part 1, S. Marx and 
R. Muller (373-378) 


Constructive and technological preconditions for economic 
application of submerged arc welding in steel construction, 
Part 2, G. Buttner and H. Czub (379-387) 


High alloy hard facing, A. Missikewitsch (387-391) 


Schweisstechnik (Berlin), 1961, vol. 11, April 
Testing welded joints at high temperatures with an artificially 
cooled X-ray apparatus, E. Schiebold and E. Becker (146-151) 


Automatic submerged arc welding of (Cr—Ni) plated sheet, 
A. Missikewitsch and W. Schuart (151-154) 


The role of the Mechanical Engineering schools in welding 
education and training, H. Pech (156-158) 

Welding education and training in the Railway Engineering 
School, Dresden, H. Kortge (159-160) 


Submerged arc welding with multiple wire raises weld quality 
and welding output, G. Herder (161-162) 

Development of machine foundations in light construction 
with particular consideration of submerged arc welding, 
W. Baumann and others (163-166) 


Welded construction of machine tools for metal shaping, 
W. Hartung (166-171) 


Electron beam welding of austenitic corrosion-resisting steel 
and zirconium, E. Praceus (176-177) 


Schweisstechnik Soudure (Switzerland), 1961, vol. 51, 
June 
Weld tests in 13°, chromium cast steel, K. Gut and A. 
Werner (203-211) 
Piped oxygen supply, M. A. Eggerschwiler (213-216) 


Schweissen und Schneiden (Germany), 1961, vol. 13, 
May 
Temperature, transfer of material and physical properties of 
slags of unalloyed electrodes, W. Hummitzsch (187-195) 


Galvanised coatings for welded components, J. Ruge and 
P. Hildebrandt (195-199) 


Transfer of material and shape of globules in the welding arc, 
R. Faulstich (201-204) 


Schweissen und Schneiden (Germany), 1961, vol. 13, 
June 


Quality classification of flame cuts, E. Zorn (226-229) 
Heat treatment between runs of welded joints in high-tensile 
heat-treatable steels, H. Tauscher and H. Buckholz (230-233) 
Comparative experiments with fully insulated electrode 
holders, G. Engel and M. H. Schreiber (233-238) 

Welding positioners—their construction and application in 
production, H. Thiele (238-242) 
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Soldadura (Argentina), 1960, vol. 2, March 


Metallurgy of the welding of steel, V. Vilhalm (8-19) 
Brazing techniques, W. Richter (20-28) 
Design and calculation for arc welding, J. M. Benhayon (29-35) 


Soudage et Techniques Connexes (Paris), 1961, vol. 15, 
March-April 
Summary of French regulations or professional specifications 
and draft international prescriptions dealing with the calcula- 
tion of fusion welded assemblies, H. Gerbeaux (95-112) 


Utility of weld specification in plate forming and sheet metal 
working. Part 1, Viewpoint of the Institute of Welding, 
H. Gerbeaux (113-118). Part 2. Viewpoint of the National 
Plate Forming and Sheet Metal Working Union, P. Cabany 
(119-124). Part 3. Application to heavy plate fabrication, 
C. Forcinal (125-136). Part 4. Application to the plate form- 
ing and construction of low temperature equipment, G. Quirin 
(136-141). Part 5. Application to the fabrication of penstocks 
and pipes, J. Picard and G. Rambaud (142-148) 


Tests with a view to defining the admissible currents in welding 
cables and proposed values, International Institute of Welding, 
Commission IT (155-156) 


South African Institution of Welding Monthly Bulletin, 
1961, March 


How to get the most from your resistance welder ( 2-4) 
Survey of welding metallurgy shows problems and solutions 
encountered in fabrication (4-9) 


The Stabilizer, 1961, vol. 28, No. 1, Spring 
Tubular fabrication, Part 4, A. Scott (8-11) 


Welding Design and Fabrication (U.S.A.), 1961, vol. 34, 
April 
Welding will replace mechanical fasteners in the Aerospace 
industries (47, 80) 
Prestressed steel beams replace concrete (48-51) 
Flame cutting tracers: guides to good cutting (52-55) 
The right way to join dissimilar metals, J. Bland (56—58) 
Stud welded shear connectors: the new key to construction 
strength, H. Lefer (61-63, 69) 


Mig spot welding of aluminium is in; riveting is out (64-66, 68) 
The plasma arc can now be used for welding and weld surfacing, 
R. M. Gage (76-78, 80) 


Electronic brain controls welding of unitixed bodies (82-83) 


Designers! Don’t overlook on-the-job stress relieving, O. 
Kreisel (85-87) 


Welding Engineer (U.S.A.), 1961, vol. 46, May 


Weld-wax—a new method joins diodes, A. W. Sweet (43-45) 
World’s tallest structure ... design said ‘‘weld it’? (46-47) 


1,280 tons of blast-proof doors for missile site, H. E. Jackson 
(48-49) 


A-7 steel used in an all-welded building frame, E. E. Hanks 
(50-51) 


Wire fabric finds new markets (52-53) 
Low-cost sandwich panels (63) 


Before hardfacing, analyze the job. Here are the procedures 
(70, 72, 74) 


Flame straightening restores fire distorted steel, J. Holt 
(80, 82) 


Welding Fabrication and Design (Australia), 1961, 
vol. 4, April 
Equipment reclamation by welding and metal spraying at the 


State Electricity Commission of Victoria, Base workshops, 
Yallbourn, W. L. Hebb (5-8) 


Heat treatment of welded joints, A. L. Brown (9-13) 
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Welding and Metal Fabrication, 1961, vol. 29, May 


New Thames Bridge, J. S. Allen (192-203) 

Pressure vessel development, K. G. Mantle (204-210) 
Automatic are welding equipment, C. W. J. Vernon (211-215) 
Capacity discharge stud welding, L. S. Durell (216-218) 
High speed pipe production, |. Alexander (219-223) 

Britain’s new locomotives. Part 2, T. J. Palmer (223-227) 


Welding Journal (U.S.A.), 1961, vol. 40, April 
Single-pass ‘‘J’’ grooving in heavy plate with an oxy-fuel gas 
flame, C. B. Milton (331-338) 

Ferritic welding of steel armor, Z. J. Fabrykowski (339-342) 


Creative architectural design with welded space structures, 
M. P. Korn (343-348) 

Ultrasonic welding; engineering, manufacturing and quality 
control problems, J. Koziarski (349-358) 


Welding of massive manganese-vanadium steel assemblies for 
Verrazano-Narrows Bridge tower piers, |. Diamond (359-362) 


Projection welding low-carbon steel using embossed projects, 
J. F. Harris and J. J. Riley (363-376) 


Brazing of sandwich structures of columbium alloys, M. M. 
Schwartz (377-382) 


Role of the engineer in designing for carbon-steel structures, 
J. F. Lincoln (383-384) 


The role of hydrogen in arc welding with coated electrodes, 
N. Christensen (145s—154s) 


Hydrogen and delayed cracking in steel weldments, E. P. 
Beachum and others (155s—159s) 


Properties of flash-welded molybdenum, E. G. Thompson and 
others (160s—165s) 


Effects of repeated repair welding of two aluminium alloys, 
F. G. Nelson (166s—168s) 


Some metallurgical aspects of CO,-shielded-arc welding, 
M. D. Randall and others (169s—174s) 


Quenched and tempered steels in ship structure, T. J. Dawson 
(175s—181s) 


Influence of residual stresses and metallurgical changes on low- 
stress brittle fracture in welded steel plates, A. A. Wells 
(182s—192s) 


Welding Journal (U.S.A.), 1961, vol. 40, May 
Pittsburgh public auditorium retractable roof, E. Cohen and 
R. H. Goldsmith (501-516) 


Resistance autobrazing of wires to intermetallic thermo- 
electric materials, W. A. Owczarskii (517-521) 


A welded tubular-bucketed turbine wheel, E. J. Clark (522-528) 
Welded steel office buildings, J. F. Gulley (529-530) 


Stainless steel coil permits internal cooling of unique welder 
ignitron with help of tungsten arc welding (530-531) 


Yield strength of E9018 weld metal, W. L. Wilcox and H. C. 
Campbell (193s—196s) 


A method of determining primary solid solubility of an alloy, 
F. N. Adgate (196s, 222s) 


Mechanical properties of molybdenum welds below 700°F., 
R. E. Paviak and others (197s—201s) 


On notch sensitivity, F. A. NcClintock (202s-209s) 


Notes on the assessment of filler metals and fluxes, G. M. A. 
Blanc, J. Colbus and C. G. Keel (210s—222s) 


Inspection and measurements of properties of welds in plastics, 
G. A. Homes (223s-228s) 


A solution adopted in some difficult applications of flash weld- 
ing, E. Bylin (229s-240s) 


Welding Journal (U.S.A.), 1961, vol. 40, June 
Is habit needlessly increasing the cost of Out-of-Position 
welding? J. E. Hinkel (605-609) 
“Wide-gap” brazing for high temperature service, P. R. 
Mobley and G. S. Hoppin (610-617) 
Where two column welding machines stand today, F. P. 
Jacob (618-619) 


Fabrication of 1 inch thick, ten inch diameter welded Inconel 

pipe, W. L. Fleischmann and R. F. Gurnea (620-628) 

Enclosed welding technique applied to welding of reinforcing 

bars, W. P. Campbell (629-633) 

Welding of an ultra high strength steel for missile motor cases, 

J. F. Rudy and others (241s—252s) 

Weldability prediction from steel composition to avoid heat- 

affected zone cracking, K. Winterton (253s—258s) 

Development of new nickel-base brazing alloys having ductility, 

R. A. Long (295s—264s) 

Pressure vessel design requirements in the future, W. B. 

Carlson (265s-—271s) 

— vessel analysis of submarine hulls, E. Wenk (272s- 
Ss) 


Other Journals 


Effect of forming and welding on stainless steel columns, 
R. E. Peterson and A. O. Bergholm (Aerospace Engineering 
(U.S.A.), 1961, vol. 20, April, pp. 26-27; 71-77) 
Observations on the design and construction of the N.S. 
Savannah, J. A. Dodd and S. MacDonald (Shipbuilder and 
Marine Engine-Builder, 1961, vol. 68, Mid-April, pp. 239- 
243) 

Some aspects of large tanker design, W. O. Nichols and 
others (Shipbuilder and Marine Engine-Builder, 1961, vol. 68, 
Mid-April, pp. 248-254) 

Design of a reinforced cylinder for a nuclear reactor pressure 
vessel, R. W. Lakin and S. S. Gill (Shipbuilder and Marine 
Engine-Builder, 1961, vol. 68, Mid-April, pp. 276-280) 
General development in ceramics for marine engineering, 
F. H. Aldred and N. W. Hinchliffe (Shipbuilder and Marine 
Engine-Builder, 1961, vol. 68, Mid-April, pp. 307-310) 
Flame-sprayed alumina (Metal Industry, 1961, vol. 98, March 
31, pp. 249-250) 

Selection of metals for use at cryogenic temperatures, A. 
Hurlich and J. F. Watson (Metal Progress (U.S.A.), 1961, 
vol. 79, April, pp. 65-72) 


Estimating critical ranges in heat treatment of steels, R. A. 
Grange (Metal Progress (U.S.A.), 1961, vol. 79, April, pp. 73- 
75) 

Zirconium—copper alloy ... High strength and conductivity, 
A. E. Moredock and D. K. Fox (Metal Progress (U.S.A.), 
1961, vol. 79, April, pp. 75-77) 

Nondestructive testing for management. Part 2. How to use 
magnetic-particle methods, L. B. Strader and D. W. Collins 
(Metal Progress (U.S.A.), 1961, vol. 79, April, pp. 88-93) 
Brazing missile and electronic components in dry hydrogen. II, 
H. E. Lewis (Metal Progress (U.S.A.), 1961, vol. 79, April, 
pp. 94-96) 

A new cast alloy for use at 1900°F., C. G. Bieber and T. E. 
Kihlgren (Metal Progress (U.S.A.), 1961, vol. 79, April, 
pp. 97-99) 

In solder, flux makes the difference, J. D. Keller (Metal 
Progress (U.S.A.), 1961, vol. 79, April, pp. 111-112) 
Automation of resistance welding machines (Revue de la 
Societe Anonyme Electromécanique, Bruxelles, 1961, No. 25, 
February, pp. 4-16) 

Tests demonstrate payoff of new brazing alloy, R. C. Kopituk 
(Iron Age (U.S.A.), 1961, vol. 187, April 13, pp. 90-91) 
Mono-construction aluminium road tanker (Australian Mech- 
anical Engineering, 1961, vol. 48, February 6, pp. 47-48) 
The Forth road bridge superstructure (Engineering, 1961, 
vol. 191, March 31, pp. 448-454) 

Use of precious metal alloys in brazing (Engineering, 1961, 
vol. 191, February 10, pp. 210-211) : 
Influence of atmosphere on metal cutting, R. Furuichi and K. 
Tamamura (Memoirs of the Faculty of Engineering, Osaka 
City University, 1960, vol. 2, December, pp. 46-51) 

The practical realisation of the HV and HR scales of hardness, 
R. S. Marriner (Quality Engineer, 1961, vol. 25, March- 
April, pp. 52-58) 

Flame brazing on aluminium (S/F-Tips, 1961, vol. 26, Spring, 
pp. 3-5) 








new PUG 


Low comb 


light weight cutting machine 














The light weight Pug is a new portable cutting machine made by British Oxygen. Tough 
and reliable, the Pug has important new features-— making high quality mechanised 
oxygen cutting available to an ever-widening range of industries. The Pug is built for 
safety, reliability and long working life. 


* Cuts and bevels 2 in. steel. %K 3in.to45in. diameter circles. s+ A.C./D.C. motor. 
* Long trouble-free working life. Ask for demonstration. 


THE BRITISH OXYGEN COMPANY LTD (K& 


LIGHT INDUSTRIAL DEPARTMENT, SPENCER HOUSE, 27 ST. JAMES’S PLACE, LONDON, S.W.1 
YCTOBER, 1961 
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Be sure 
of getting your 


VE LOIING 


Go to a firm with the capacity to absorb your 
work and the experience to schedule it 
accurately. Robey have the capacity and are 


es 
familiar with all types of welded construction. 
on time....-. yP 


Deliveries are punctual and complete. 


t Robey’s regular production includes vessels 
0 for nuclear power to an exceptionally high 
aga a standard of inspection, involving rigid labora- 
spec iff cation tory and X-Ray tests, as well as magnetic crack 
: . detection, and stringent pressure tests. In fact, 

all specifications can be met. 


Robey's experience allows them to quote 
accurately and conform to their price. “Unfore- 
seen eventualities’’ don't occur. And Robey 


uoted quotations are also competitive; next time 
ses ep 8p 8 8 you've work to place, get a proposal from— 


— 
a Hue wep 


OF "LINCOLN 





On Lloyds Class 1 list 


ROBEY & CO. LTD. P.O. BOX 23 LINCOLN (TELEPHONE 21381) 
London Office: 11 Princes Street, Hanover Square, W.1. (Telephone: HYDe Park 4971) 


26 BRITISH WELDING JOURNAL 















The Principles of 





Low Temperature 



















Silver Brazing — O23 "55 


The advantages if low temperature silver 
brazing—speed, neatness, strength and 
overall economy—have established it 
firmly as one of the metal jointing 
processes most important to light 
industry. 

Whether you already use low tem- 
perature brazing or not, you will find 
this new publication a useful general 
review of this versatile process. May 
we send you a copy—and may we 
also add your name to our mailing 
list for informative data sheets on 
the technique ? 


Johnson ify Matthey 


LOW TEMPERATURE SILVER BRAZING ALLOYS 










\OHNSON, MATTHEY & CO., LIMITED, 73-83 HATTON GARDEN, LONDON, E.C.1. Telephone: Holborn 6989 
ittoria Street, Birmingham, 1. Telephone: Central 8004 75-79 Eyre Street, Sheffield, 1 Telephone: 29212 
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Butterfield craftsmen 
carry out welding 

with the most up-to-date 
equipment, and at all 
stages of fabrication it is 
supervised by experts 

to any of the 

recognised codes. 


WELDED 





STAINLESS STEEL 


PLANT by 


Butterfields also 

carry out the welding of 
Aluminium 

Aluminium Bronze Alloy 
Nickel and Mild Steel 

as well as of Stainless Steel 


WELDING OF ALUMINIUM 





Our illustration shows 
Four-Recycle cyclones, fabricated from 4” by 





4” 18/8/Mo Stainless Steel plate. is by either the 
Butterfields are equipped with WELD x-RAy Welds spot radiographed. Argon Arc 
PLANT, materials testing, metallurgical, or Argonaut methods 
chemical and microscopic examination W. P. BUTTERFIELD (Engineers) LTD. 
laboratories for any required class of work. eee oe 4 : ee eee ot eis Oh ent 
Birmingham Tel: EAS 0871 & 2241 Bristol Tel: 27905 APPROVED LLOYDS CLASS 1 


Butterfield! 














Liverpool Tel: CEN 0829 Glasgow Tel: CEN 7696 
Belfast Tel: 57419 & 51957 Dublin Tel: 73475 & 79745 











Well done. Will! 


it— that’s the best way 


use of its unique ete een 
trength tha 
£ low heat in-put combined with great einai “ weg 
ceiliis prey sa square inch. It will be WELL DON e ST aninae ore ee 
: uae espe you a safe machinable = open pay, 4 a 
ifbronze. Sifbronze Og" ee aa “Tl ere 
oa rang ng ones on : “* t. Write NOW for ful! details to Wi 
i i ood as Sifbronze— ol 
-— ee FOUNDRY (1920) LTD., ——— pt 
SO TTOWMARKET, ENGLAND. (‘phone Stowma 


SIFBRONZE 
And it's all beca 


Success follows success with Sifbronze. 
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L SUPPLIES timiTeDd | 








NEW “AIR COOLED” 
ELECTRODE HOLDER 


for continuous welding 


Specially designed and developed to combat heat 
generated during welding operations at high duty cycles, 
the Courtburn “Special” 600 amp electrode holder is 
the most advanced holder of its type available. 
The heat generated by the current passing through the 
cable is dissipated by an insulating barrier of air 
circulating round it. This enables the operator to 
maintain continuous welding without suffering dis- 
comfort. 
The “‘Special”’ provides greater efficiency plus economy. 
Price £3 15s. Od. 
Tried and tested Courtburn standard models are also 
available from stock as follows:— 
CS 400 and CT 400—400 amp capacity £2 7s. 6d. each. 
CS 600 and CT 600—600 amp capacity £2 15s. Od. each. 
Ask for free trial. It pays to buy Courtburn Quality. 
COURTBURN SUPPLIES LTD 
Stanley Works, Kempston Hardwick, Bedford 
Tel.: KEMpston 2341 











Welding engineer or 
metallurgist 


A Company of international standing, already 
established in the manufacture of welding 
electrodes and welding equipment, is about 
to enlarge its activities generally and in 
particular to enter the automatic and 
semi-automatic fields. 


A vacancy exists for a first-class man to 

take charge of the Technical Services and 
Applications Department. The man 
appointed will have a wide experience of the 
development and/or application of welding 
processes. Qualification at Hons. degree level 
is desirable. 


This is a senior appointment and the salary 
will be commensurate with age, qualifications 
and experience. 


All enquiries will be considered in utmost 
confidence. Box BJ1025 LPE 60/62 St Martin’s 
Lane, London, W.C.2. 















Perforated 
Metals for 
Industry 


J. & F. Pool Perforated 
Metals are today giving 
splendid service in over 40 
great industries. it is 
first-class equipment 

at the right price! 


OL LTD 
s/spalia Hayle, Cornwall. Hayle 3213 
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SAU 


Designed 
to measure 
short pulses 
of heavy 
current 
The standard instrument has 6 ranges 
covering readings of 100 to 100,000 amps. The 
readings are obtained by the use of toroids 
which can be split and placed around the heavy 
current conductor, Indication is stored enabling 
readings to be taken minutes after the weld is 
made. 
Can be used with welders employing synchron- 
ous and non-synchronous and energy storage 
controls. 






Illustrated leaflet 
seni on request 
Hit : | \ 

HIRST ELECTRONIC LTD. 


GATWICK ROAD, CRAWLEY, SUSSEX 


HITT 
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Engine driven DC 


WELDING 

EQUIPMENT J cmos 
Sef ene 

IMMEDIATE | Sewecrss 
HIRE 


WELDING RODS LTD. 
Brightside House, Sheffield 9 
Telephone: 42494 Grams: ““Weldrod"’ 


collection arranged. 











For 


SPOT WELDING 
ELECTRODES 


contact 
WYLDE GREEN 
Engineering Co. Ltd. 
146 BIRMINGHAM ROAD 
SUTTON COLDFIELD 


Phone: SUT 1681 P.B.X. 


who have been on the job for 
nearly 20 years. Good deliveries. 
First-class work. Reasonable 
prices. 





Agents for *“‘“MALLORY”’ 
Resistance Weld. Products 











METALLURGIST or PHYSICIST with 
post graduate research experience and 
preferably some knowledge of ceramics, 
required for fundamental research work on 
problems associated with welding. Excellent 
working conditions and facilities, attractive 
salary according to age and experience. 
Apply in writing to Research Manager, 
MUREX WELDING PROCESSES 
LIMITED, Hertford Road, Waltham Cross, 
Herts. 


CHEMIST with post graduate research 
experience preferably in the ceramic field, 
required for fundamental research section 
of North London Laboratories. Excellent 
working conditions, attractive salary accor- 
ding to age and experience. Apply in 
writing to Research Manager, MUREX 
WELDING PROCESSES LIMITED, 
Hertford Road, Waltham Cross, Herts. 


CHEMIST or METALLURGIST with 
University degree .or equivalent required 
for research and development work in 
metal arc welding. Some experience of 
welding desirable but not essential. Excellent 
working conditions and facilities, good 
salary and prospects. Apply in writing to 
Research Manager, MUREX WELDING 
PROCESSES LIMITED, Hertford Road, 
Waltham Cross, Herts. 











"ENGLISH ELECTRIC’ 


offer from 


STOCK 


LWAD 300, 450 & 600 sets 
giving either AC or DC output, 
LWD 350 DC rectifier sets, 

LWC 200, 300, 450 & 600 

single-operator sets, 

LWC 2/300 double-operator sets, 


and a full range of 
MULTI-OPERATOR EQUIPMENT 


In-built power factor correction 
capacitors available. 


Hire of equipment can also be arranged. 


The ENGLISH ELECTRIC Company Ltp. 
Welding Equipment Department 
East Lancashire Road, Liverpool, 10 
Telephone: AINtree 3641 
W.A.24 








Welding Plant Hire and Sale 
PARK-STANTON & CO. LTD. 


72 Leadenhall Street, 
London E.C.3. AVEnue 1416 


Brand new cut-price welding cable 
from £17.0.0 per 100 yds. 








Gamma Radiography 


Safe and reliable equipment is 
made by Pantatron Limited, 
5A Princes Street, Hanover Sq., 
London, W.1 











“NEW PROCESS” ELECTRO-PNEU- 
MATIC SPOT WELDER for sale. Type 
PFEP 16. Capacity 4” added thickness. 
Depth of throat 15”. No. of heating speeds 
5. Intermittent K.V.A.16, nominal 8. Auto- 
matic current control with remote foot 
controller for individual spot or high speed 
stitch welding, 400 volts, 50 cycles supply. 
F. J. Edwards Limited, 359 Euston Road, 
London, N.W.1, or 41 Water Street, 
Birmingham, 3. 


“QUASI-ARC” ELECTRIC ARC WEL- 
DER for sale. One operator. 18 K.V.A. 
Continuous rated, single phase, 50 cycles. 
380/460 primary volts, 100 volts secondary. 
Continuous amps 300 maximum. With 
English Electric type FWC300 static type 
oil immersed transformer. Mounted on 4 
wheels. F. J. Edwards Limited, 359 Euston 
Road, London, N.W.1. or 41 Water Street, 
Birmingham, 3. 





Improve the standard of welding 


‘*>JACWILS’® 
BACKLIGHT PROTECTOR 
(REG. DESIGN AND PAT. APPL. FOR) 

Backlight is present in workshops and 
factories from electric lights, windows, 
reflections, sunlight, side flashes from other 
welders’ arcs, etc. By excluding backlight a 
clearer view of the work is obtained. 
Clearer Vision — Less Eye Strain — Better 














MOORE’S PLANT LTD. 
105-129, MARKFIELD ROAD TOTTENHAM LONDON W.15 


RING TOTTENHAM 040! 
dm M0107// 


BRAND NEW OIL-IMMERSED 
OXFORD ARC WELDING 
TRANSFORMERS WILL GIVE 
YOU A LIFETIME OF SERVICE 


Fully aranteed sets—110 amp £27, 180 
amp , 250 amp £75, 300 am — 10s., 
350 amp £105, 450 amp £138 1 

Also two-operator 180, 250, 300 on 350 
amp models ex stock from £110. Will 

parallel for double output. 
Combined welding and brazing sets also 
available at £29 10s. 
Send for leaflets and booklet from Britain’s 
largest electric welding plant stockist. 


Cc. G. & W. YOUNG, 
1SA COLNE ROAD, TWICKENHAM, 
POP. 5168 
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oa AIS INE 
PHILIPS 


MANUAL CO> 


WELDING 
UNIT 


Operates Straight off the Mains 


w Built-in power rectifier 

w Extremely mobile 

w Occupies less floor space 

= CO, welding can cut costs by up to 50 




















Philips Manual CO, Welding Unit ES3003 is a new, self- 
contained unit that can be connected straight into the mains 
supply. This important advantage is made possible by the 
incorporation of a 400-amp, constant voltage (selenium) 
rectifier including dynamic reactor. 

Operating on 400-440v 3-phase supply (30 amp per phase), this 
new equipment retains all the outstanding features of the 
standard ES3003/03 unit. Total weight is 600 Ibs., and its size 
makes it extremely easy to move about. 

The power rectifier can be supplied as a separate unit for 
addition to the standard ES3002/03 equipment. 


For full technical details, write today to the sole distributors in U.K: 


RESEARGH & CONTROL INSTRUMENTS LIMITED 


Instrument House, 207 King’s Cross Road, London, W.C.1 
Tel: TERminus2877 ‘Grams: Racil, Kincross 
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